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b i s t o£ p^ars pubXi^ had and ooiwt^ unicatad ••• ^03 
Rasuna ••• ••• ••• '>a!para^ aneXesura 
l i to irili) 
qi&^mHi p^'mKi^fmm^ 
Soli l a a hat«»rcs«nou3# ioXyOlap'^rsia 3ir4tt«n of soils! , 
llg^ald ana cjasacua <x;tvixir-mta ir. vadoua i r o i c r t i c n a , Tha 
SJ I I ccr, oT'^.t cf the? 3oi l l 3 r^d® up c l Tiri&axy r In 'xrals, 
clr.^f r l n r e l s one' '.:r-"JCDUS c:lCi3S# tcgath-jr * i t i : cri,ar'lc r - . t t s r 
anit l i v ing ortjaniji)ia# £Otrlng « Eclyphyaa a/^^tjir' oa r©irs o r i c sa 
d i s c r e t a j. a r t i c lo s o r aggraii^tfits. 
Vli3 rdn'Cal o s i t a r conal^ta cf r a r t l c l a a o£ varmint ilz^Bt 
tliOnm in t!io t in ^r a t s t a c i sub-t l lvisicc (<0 .002 t r ) Ic t r ln t ; tho 
cln^- iractlOQ of tiie so i l «h i lo tho coarsa f ract icxa c i - s l s t ol' 
rr.Qlrly cocK J a b r i a . --••iny the r 03t actlv-j and raac t iv^ i .^rt icns 
c;; th ^ s o l i , claya org tnvolvad in racy phi-alco-cXnlcal 
react ions* whldj BXQ Xf%ovtterX in th-a davaloiromt o£ .-soil and in 
t h a i r i.uncticnXi'., as a madiun, o t pi^'J t growth, 
liagiJiHiny vdth th.g cle '^sical r-»s««rch»53 ars ' ^ i t h the h.»l-
2-S 
of x»ray «aid p^tnxs^at'hlc t^c^a•aq:U9« , i t wes soon naoo'^irlaia 
th .t d a y s ccntair. a t I'^aat s ix d l i f a r a o t typ'»a o i nlr, »raia 
ccns ia t iny o l ^!ontl;orillo^itic« kac l i n i t l c* l l l i t l c * vairntLcuXltic. 
c h l o r l t l c «rd attatviti i tAC grouja along with oxid^a of i ron , 
aliMrdniun; ani s i l l o o n . 
4 
Tha atructura o£ lacilrlta waa first auggaatad h-j Pauling 
7 L-followad by aatailad work of Hosa and ^^rr , Gcunar ar.d latar 
cf Brindiay a t «!*• 
Tht) dtcucturo o£ tho u in^ra l i s Qon}|«>s3ai o£ e a inglo 
to t r ah^a ra l shmBt o t a l l i c a ar<a singX® octahgdral aheat cf 
uluirlna conuinad in a un i t »3 tha t tha t i p s o t s i l i c a t ^ t r a -
h«»dr!on« ar-d cne ol" th® l a y r« o£ oc t a^a i r a i ?ha®t lorp-s e corfncsn 
lay *r« 'rtjis rin^reH 4s Oi. 3 lay airs, a i?y ^ o~ oicjcu' ir. o;m-. 
tiaxatpnal j;Kc>'d;.t|, a l e i -r o£ ©xygans ar:.d hyUroKyla In d o s a 
pacKiCj ani & ir.^ r o t MyXv-X i s Ir. c io iS i ac t ing , 2n th® 
cMitrai i a y ' r two-t- i r a of tU^ lor»3 a ra o i ox^.i-m etia oi:^ t lUra 
of nyUrcKyia aiid thasa ccsma abova end In tha cantro o i hexagonal 
hcl.as» in t h i s : i ln 'ral# iK^JaCimt ah^ata sra t-ma h:l<l t c ^ e t h j r 
j y hr^sro^affi Lends, 'i'iia pcasanca o i hydcogan ijcniMng pr-ivcsnta 
axpa7i3lon ot kaollr-lta* 
I t s s t r u c t u r a l fcr ru la l a <CH)g .i^rM^Oj^^. Th-^  i l r a c£ a, 
to and c axis I s abcut £ , I S A , t,9«A «r:d 7«3&!A raaivictiV'-fiy, I t 
posaasaaa a low baaa axch@nga capacity o£ about 20 tr-oq par 100 9« 
Tha garara i iv acc«x-tad a t ruc tu ra of irontfrorilloi.lt® 
iolloiM tha o r ig ina l suggeationa o t Hofmann, undall and lilm^^* 
^taagda£rau ana ik>£inann* « Karahall and >i<°ur!drlck9 %»ith 
nodl i lcat lona« 
AcoDrdinQ to t h a i r concsapt montmorillonltua ii coia^oaad of 
unl ta Biada up of two s i l i c a t a t r ahadra l ahaata v i th a oan t ra l 
alUfiRina ootahadral ahaat . In tha ataeking of tha ai l lea-alutnlna 
13 
nxxfticimntly graat to causa tha edsorbata to ba onw^tad In audi 
a narnar aa to giva a minimum intar lay^r distanca or to l imi t 
adsocf tion to ona Xay.^ r* 
44 
Bailay at a l . atudiad tha e££^ct o£ pH on tha adsorption 
o£ a wida variaty o£ chi^Bically haaic and aciolc cc^i^tinda by 
rnontxrcrillaciite and cx:.iicl.udadi that nmxinnisi retacitlosi c£ basic 
cofflpounds Mould ba axpactad to occur tfhan tha 3ur£aca acidity was 
a t laas t ana to tuo pi units lowar than tha low«it llBSocistion 
ccn-tent o£ the tnolacuia* adsocx-tiaa o£ basic ccmpoxmdu ^ .i.11 ba 
principally due to vandar Kaala £orc@a whara tha sur£aco acidity 
ia nore than t%io pi unita lowar than tha dissociation ccnntant 
and positiVD ad$or^:tion o^ : uciuic cxiri^ ounua iirill cxmm&ncB Kh^ tha 
pH o£ bulk solution i s approxim&taly &nm to l .S pH ucjlts abova tha 
4fi 
di ^aociation ccnstant o i tha -^)Cid 8%>l3cula. Talbart mid it'latchall 
found that an incraaaa in | ^ raaultad in tim dacraasad iKlsor|tion 
of slnaslna and atrasina by so i l s* McPlanary and S i i fa found 
that atrasina adaoiption on to s o i l and hundc acid ineraasad as 
pH dacraaaad* 
Tha a d d i t y at cr in c l d a pn^ximity to tha aoi l or 
co l lo idal ayatan (or surface aeidity) i s tha stoat isqportant pro-> 
party in dataminino tha axtant and natura o£ adsorption and 
daaoxption pxoeass* Tha lo la of intarfaeial ragion^^*^^ i s 
important not cmXf in dataKid.ning tha adaorption Buehanism and tha 
anargy by i ^ i ^ tha adaoxbata i a hald; i t i a also im|»rtant in 
dataradniRQ tha parsiatancMi Mid ultiai«ta tox ic i ty of tha molstoiila. 
3 
s i l i c * units# o I s y r s o£ •mcAi unit mtm adjacwit to O leyar of 
Pttighuouring units so that thare i s a weak tHsnA aid an axccaJLttat 
clssvaga b®t«HM»i thflWR. Tha o<*axis <liin9nsion i s not £ixad and 
varlfs fran about 9.oA to a eonpl^te ssieraticm o£ ttio individua! 
lay irs in sosta casas* Tha thaoratical Cociruia^without ocrsi^arlng 
I t t i c a auisstlttttion i 3 (0H)^3ij^Ai^02Q.nH O, Howavor, eioiitr^ori-
I loni ta o£tan differs trom th& abova thaoraticai £orrula beeau<;a 
o£ stbst i tution in the l a t t i c e of Ai and posaibiy T fcr "i in 
tatrahadrai oo-ordxnatic^ and/or hg* ?a, 7n« i i« Li £br Ai ir 
octahedral 3h3®t« I t i>os8a8s#s a high cation ^xchnn a c^.acity 
raiaging from 00 to 130 mag pcir loo g. clay* 
Uikim 
Tho crystal structure o l i l l i t e was pinoi-osad by rritn 
13 
o t a l . Th^sa @ro congposad of a s i l i c a tatrahodrai loymr, an 
^•lurina octahtolral lay^r and arothar s i l i c a tetrahaaral lay:ir. 
In irlace of vi^riaoia spacing o£ nonl^norilloriita* K l o s s occur 
betweafi unit la^ars Mh'^ re they i u s t f i t into perforations in the 
surface O layars. The K^  itaim balance dafielancy in posi t ive 
charge vhich arises faros isc^sorphous substitution of Al for 
Si '*' in s i l i c a tetriUiedral laysra. stratitutioQ of Mg for A i ^ 
in oeti^adral Xayar i s rasponsi l e for cation exchange ea|>acity 
in tlMw . i n o r . 1 . . iUndrlck. « a R...^* , . « . t h . fom.1. 
for i l l i t e . Iha c i e f eharacteristies of i l l i t e gcoup in s o i l 
co l lo ids are a oartaln aeount of non-exchangeable K of the ocder 
of S%* Besal spaoings are lOA. The K^  iona aet as bridges 
binding th« voiit layers togsthar so that they dk> not esqpand in 
prasanc^ o£ star* 2t posaessss cetiem ax^ange capacity £wom 
2o>«0 maq par :NK> 9« eley» 
invaatigationa on clay-watar guaparaions ara vacy halpfui 
it: planning actuai tr ia la v i th ac i l aanil-?*. Umoet clay-vatar 
auspanaiona and their intaractiona with paat-iciJes hava hamx 
£uily invistigatadi in th^jsa studies* 
Tha iffi^rtsnca oi: clays waa raaliaad avan by tha primitive 
p€tople throughout tha worldi. «'or several cmturias clay c^inerQla 
as such or in aclodxturas wo-a used in tha r.orvica o£ nijsnkind* 
Tha att' d e s b®cmm wotia s igr i f i cant when tha cry3tailit;e structure 
o t clay trinorala as revealad by 3»>ray dii^fracticm ttnalysia was 
f u l l / established. Attempts were sinmltenaously t!^B6m to under-
stsoid the colloidal* el^tctrokinstic* @1 ictcochflurdcal* viacoinetric 
and aurfaoa i^roparti^s of s o i l oollcids* pure c lay minerals and 
the ir fRivturea on the basia ot their cry'^talline structures. 
Cha^iical analysis* surface area* y-valuoa e t c . also ga^ f« a l o t of 
information. 
The cation ^KC^ange capacity of daya was found to depend 
on aeveral factors au<^ as the nature of the d a y funeral* the 
part ic le sise« concentration and nature of catictfia taking part 
in esrehange* teffi(>e-atttre and pH. Aniona# unleaa tiiay changed 
the pH or in so«« way interacted v«ith exdhanger SNaterial or 
D 
9xdhang«ftul« cations hmA w r y Xit t l« in£Xu«Hiea on cation 9xdb<a:!ga. 
Clay iitin^rals l ika coi lc idal gala possasa larga apacific 
surface and pocoaityi ona o£ the sigriificant oonaaqusncaa of 
which was tha dmtoloper&nt o£ graat surface act iv i ty In thaaa 
rln ?rala« in ordar to undarscand vha aiirface prop-^rtl'is wtatm 
01:errant frcan biaH prop3rti<33# ona 1 J required to liava an 
adaquata kroKlsdgo o£ cryst^d ch«^d >try o£ rln<%rai 3ur£ae^a« the ir 
stsr£aca geotmtry psad surfaca araa. 
Thcugh tha u^a o£ clay minarals aa adsorbant was krown 
£roBt -^arly tlinaa* the fundMEantal asr'acta o£ tha adaor|:tlon 
procassas vara syatamatieally studied only In raosoit y^ars, 
Adsorption c^aractaristies o£ d a y s £or polar and ron-rolar 
mol<»cul®8 axxd lofilc spaclas o£ various s l sas ar.cl th@ pr^sparatlon 
and propartiis o l organo claya oorstltuta soma o£ tha in^crtant 
1S«>17 toplca o l invastlgatlfm, Savaral Morlcses * studied In 
cx>nsld«raula datai l tha adaorption bahaviour o£ quataxnary 
ainmoniusi octfRs^ ois^ ds o& varying chain langtha cm surfaca o£ 
montfnorili<»xlte« kaoll i l ta* varmicullto* inorganic s o i l co l lo ids 
and on dl££araDt rlxturas of pura clay tnln^rala. I t was rsportad 
that amall cations wars taksn up by dl^firant aluRdnosiUcatas 
or a l l lad tninarals V9>to tha axtant o£ ths ir axchanya capacity, 
whlla largor ic»i8 wara taksr. up in axcaaa. Ths oofq;>llcatad 
pro^ss of mtaractimi of largsr ions % i^th e l i^s was acooaipar^lad 
by algrlf lcant variation of propartias of axchangars, naataly. 
6 
charg* r<3var3«l o t the col lo id as s i^^ n by •l«ctXDphcrQtlc and 
17 
setiiBiQintatlc^ vaiuo fnaasuramants . 
Adaor^ tion and dasocption charactori3tieft o£ dif£f.sr«r>t 
c loy Rdn^rala with r ap^ct to complax long such esfboCKHjjgl 
(Co sn.) ^^ © t c , wira aaitarslvaly studied by Kanungo o t «l • 
lt% mont ©£ tha c^isaa th9 axc^ango data were toimd to obey 
iion^sTAlr amiiatlc*!. rha sal^ictlvity sequQucas o£ di££giir:^t 
Irorganio aiiid organic loris in d^acrli^lng tha oon^;iax Ions vara 
datarmlnad. Iha dasori^ing cations i^ ara found to arraiiga th^fs* 
aaXvaa acoox^ng to lyotropio aarlaa* "Shm rasuita u^tB anelysad 
In tha i i^ht o£ di££arjnt thaoratlceil Q«dals« and aquatlcA>s eoid 
tharmadynamio param^tam ini^ivad vara avaluatad. Xt was shc«jn 
that ir. tha dasorpticm i rocasa tha sa lac t lv l ty coat£icient was 
battar corraiated with tha Oobya-Huckal patam*t@tt 9P0 than tha 
radius o£ tha hyaratod ion. 
Ions of transitional alanianta sudh as Zn^"*',Cu '^*',M'^ *,Co^* 
Mn* « Cr also took part In ion oxchanga raactlcms but vara 
p a r t i a l l y tixad hy tha clay mln rala« tha naturo o£ £i>atlon 
19 20 
{:;alnQ a t l l l far ixom claar*'^'*^. 
Zntaraetlon o£ col loidal parti d a s i as supposad to arisa 
from two ooi^jonsnts* ono tha ropulsiva factor which Cotmd i t s 
oriQin in tha alaotrochesdoal doubla layer* and tho othar* in 
tha gsnaral v«i dar Waals a t tract ions . ' surfaco phoncMnona i s o£ 
groat iaportanca in s o i l studios. I t ^em tharoforo proposod to 
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«xi»)^in« soRie «ur£«cMi psoportias of clays xiH« niQdhtanittn o£ 
adsorption in th^^nm invest igat ions . 
iJhQ physical chi^eistry o£ s e l l s I s esstnit lal ly a study of 
the irost c^.cti^a fraction of so i l s* tha sm callad ooHoldal 
phf^so (<o .003 iM or c lay. Ttim nlnuta s l l i c a t a d a y part ic les 
ordinarily carry r.39ati¥a charge. This ^argo arises e s sent ia l ly 
in two (fsysf 11 rat by isonioKphoua ion atxbstltutior* s<3Cond by 
lonisatlon of hydxoic;! groups attactiad to s i l i con of broken 
tetrahsdron pianos as in s l l ic icacid. Tha negative charges 
crsated in tha fSotmur w&y are nora Wilfornay distributed on the 
plate or lath shaped clay particles* whereas the la::t^r ere at 
cornels and along edges. The negative charges may also originate 
fror humic* phosphoric and s i l i c i c acids* constituting a inora or 
l e s s Integral part of the clay part ic le surface. 
The enphoteric natura of clay fraction reqtiras. hoveV'«r* 
the existencQ of posi t ive charges which may originate frost 
hydrous oxides of Fe* Ai and Kg and €rom exposed oetudiedral 
groups* whic^ react as bases by accepting prtitons from the 
surrounding s o i l «3lutio». The existence of negative and pos i t ive 
charges cm same min^iral has been actually deeM^strated by 
Thiesei^^^ working on the edsorptloo of negative and posit ive 
gold so l s or. kaclii i t e . 
Th« d i ^ minerals have tn« pxop«rty of sorbing certain 
eatlcms tftd anlfl«>s and retaining thesi in an exdiangeable poeiti4»n. 
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Th^ae ionm ar« hald acow^d th« slIic«-«IuRtlnd cl«y minax-al 
structural, unlt« and tha axddanga l^oactlon• ganajraJlly do not 
affact tha ailiea-aXuiRina paetc^t* iha axchacQa d&ptmds upcsi 
tha foXlowing factorst 
(a) VaXv^ca o i ion« (b) hydration o£ ion« <d lonio radii and 
(d) structural oor figuration of t^a clay micalie* 
Xf»n Qvidntmget ac^uilloria i s £ graat practlc^^l and 
thaoratical ic^i^rtanos and %as studied ev^ .^r sinos itm axdhi'^ng^rm 
vara raoognisad as such* ^1ost o£ t^^ a a n i ar thacrias ware in 
€iss7nca« dascrlpticns of ion axchanga aqulilbrla by «c^irical 
eQuatlc^s. Many aquations vera proposed to dascrlba tha cation 
axchanga prooisa and iD^asura i t s quantit^tiva aspects* Scnia of 
the equations were enqpirical and sona waie baaed oi: ® isorption 
isothexiR principles* while s t i l l othsr were based on th<3 law of 
Biasa»aeticm. since equations of the lattoir categexy were generally 
considered to describe cation exchange tor more sat is factori ly* 
they were nost consiTocly used* The s i s ^ l e s t i»ess-*aeticm eguationa 
7 were for axdhange between ions of equal walandes* Speelfle nass 
aetlon equatl<»is for {nonoval«nt*»iMmovalaiit «&d nonevaleiit-divaleRt 
eMatiangea were investigated by Kerr^^ in 192&* 'Sim equillbrluai 
oooatwit fora«ilated iuy Kerr for nonoiralent-divalent ex<^anges 
21 
wee eeea found to be unsatlafactory* and Vanselow in 1933 
pxopoeeA that the effect ive oonoentration within the substrate 
phase seuM be taken aa pvepertional to nole freotion* Gapon 
eugpeiti* an equation for the exehange of nonewalant with dlvelent 
9 
cation* wniet) ttas d«V9lop«d by analogy with tho Kinatloi of 
oxchanga bat«ia«n a iXqnld tfi<3 an wlaocbad toonomolacuXaxr layar 
ok a ditfarant licjuid* iCi^ shnaffioerthy. Davis and Ovarstraat'^^ 
pcopos'td an aquation which uti l ized pavLs*a fnodificatioo o£ 
Gugg€dQhaiiR*s*' stat ist ical thaory, Ftor. a thaoratical s tand- int 
this aquation »as considarad tha mo.'it satisfactory, and 
asTpariiit^ntally i t ^em pcovad to ba superior to Gi^n*s tsrA to 
tiioia of otbar**'^, 
Zon oxchadnga has i^ ccvad vary halpfui in ^lant nutrition 
and in the ino^iification of soi l pcopartias* Zt i^ as tharafora 
pro|.os€td to furth3r invaatigata this i^ haiioai^ aia with tha hel .^ of 
than!o<^n4tfiica • 
Tha ion axchanga phanom n^a in gan^ral was ravarsiblo, 
Howavar* in many casas th® ravarsibility mui lacking md th^ra 
was narkad hystarasis. Hystarasis was f i s s t i^«m in axc^waga 
raaetlcHas of days which daalt with C»»i»H^  axchanga, Vansalow^^ 
showad that vihmt aquivalant total amount of calcium and ainmoniuiB 
wara in tha syatam* tha ralativa amounts hald by d a y dspandad 
on whi^ ion was originally praaant* Liabig and Kallay^ also 
rap*rt(ad tha aaina rasults* In 19S3« Ranold^^ showad that Ca-HH^  
systan and A^«H^ axchanga on pamutita gava hystarasis afi«ets. 
thm faet that aquiiitiriiuR ara of tan diffarant whan 
appi»sqlis4 twum diffarant sidas did not iBy>ly tha abaanoa of tnia 
s tat i s t ica l intarehiiiga batwaan aubatrata md aolution. tha 
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Irregular o«haviour was dvm to tha fact that oeeupwicy o£ an 
oxchanga s i taa by an ion A or B af£«ct«a tb« ralat ive a£finitl«ia 
of tna adjacaiit s i t e s for th^sa i<»)9. In irrogular ayatans in 
which acoaRiodiatic«i of tba largar countar ions baouno cnora and 
mora d i f f i cu l t as ocwversion psograssad« occupancy of two naigSv* 
bouring i t a s by two large ions was avidantXy aiaxgatical iy lass 
favourabia then occupiod by onm lai^a emd ono or two small ions* 
Hystarssis i s o l great isiportance in oonnaction with ion 
exchange stu des* Hence before applying Gainas @na 'ItK a^as 
traatina«)t to ion exchange in clays* the revers ib i l i ty phenoiaana 
was ini^stigatad* 
Colloidal part ic les possess the pow.r of adsorising gases* 
l iquids and so l ia s finom their suspension. The phenoRW>on of 
adsorption i s confined to the surface o i col loidal par t i c l e s . 
Xhe molecules or icxia o i the iKisorbsd substance aeewmalate at 
the ool loid»water interface where they are retained on the surface 
of co l lo idal par t i c l e s . 
The s o i l ooiloids# which are c^si^caliy alinnino-silicates 
exert a se lec t ive adsorption of molecules and or ions* Zn most 
oases* adsorption takes place by exchange of ione* The co l lo idal 
part ic les renovt spacif ic ions fxosi the soluti<» in wnidi they 
are suapended and substitute ions frcHs tiMir surface whicA ere 
passed on to the solution* 
II 
Th* •(Saor^tion o£ organic (roX^cules adscl pasticidas cxx 
t o i l s «r34 clays i s govemod by tho coiXqid ty^a, physioo-
ohoB^cal natura o£ ad«oii>«ite« natura o£ saturating cation cxn tha 
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co l i c id axchan^ s i ta s aaxd t«iis^ar%tura • 
34 
HcSmtn from I--ray analysis found that non*|x>l£«r nautral 
tml "^culas Xilca n-hai tena or n«haxana era lass a *socl>a^ than ^oiar 
roXaculaa dus to thm fact that ron-polar inol :CU1Q3 aro net Intais-
laiRsllarly adsoi^ad by d a y ndn^rals; indicating tliat tha polarity 
o i a n#utrel mol^cula i s vary inpartant in datantdning i f irtarw 
lamallar adsorption tdLll occur* Fr^sanca of polar groups cm a 
ircl<?cula 3naol3s clay shaata to be saparatad frotR oadb othar. As 
s i?a of adsoriaata rx^lacula incraaaas* adsorption also incraas^^s • 
Xt i s duft to tha f«ct that sn^all organic tnclsculas raplac^ 
axch.^r.gaabla cations quant i ta t iva ly^' * but with i rgar itx>laeul(33 
axchanga i s inooRipl^ta dua to tha oovar up atfact and leirga eirount 
of adsorbata ara takws up to ioem RUltilaysr adsorpticm. Aromatic 
coiepounda ara enora adsoi^ad than al iphatic nolacui^is* Hmximm 
adscrption of p^stlcidas g^n^ralXy occuxs at i t s pKn valua* as 
raportad by F r i s s a l ^ for 2#4-.D «id 2,4»8-T, Sav<iral workars^^"*^ 
hava raportad that eaiophotaric snt ibiot iea ara most strongly 
adscit»ad by i l l i t u s , kaoll i t a s «dRd vanniculitas follotiad by basic* 
> nautral > acidic onas* Thera i s g«»i orally no diract ralationship 
uatwaan tha solubi l i ty and amount ad^orbad. In cation adsorption, 
highar tha val«ney of l&n, tha mora strongly i t i a adsoibad and 
siora d i f f i c u l t i t i» to axchanga i t from tha col lo idal p a r t i d a ^ ' . 
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Adacritic«} of Ir.orgaric cations Q-^areiiy occurs in the following 
ord#r, H^V- Al^^ > B«2* > sr^* > cs^* > Mg2* > R ^ * ^ K^> K « * > 
Li'^. As ccncsntratiw o£ cation incraasQS adsorption o£ cation 
also incr^asss. 
Adsoz^tion i s also in£luar,otd by type o i col loidal par t i c l e s . 
'Hia i topartias o£ tha «dscri>er.t v ilch InSlusnca i t s iJoliv«vicur in 
intoractions «ith th® adsorbats ara primaril]^ ralet^a to tha araa 
mii ocr.l"ii;uration o t surf^ca, and to tha itfa.,i:ltuao, Jiatriiiution 
erd intannity of tha a laetr ic £i dd at tha 3ur£acci» 
The total charge an the surface o£ ndnarals i s largely due 
to the axtant to wliid) is(»ncrp>;ou3 siobstitution occuvs in the 
genesis ot th^ laineral* ihe intensi ty o£ tha e l e c t r i c f ie ld at 
the surface tcay be aifooted b> the locat i^i o£ the isoitorphous 
eubstituticois* which wmy occur in e i th r octahedral or tetrehedral 
layer• The loeatic^ of isoinorpricus aubstitutic^s edght also 
ii.fXuaoice adsorption ot pe*iticides indirect ly through ditferencd^s 
in the degrees of dissociation of exchangeable cations and water 
iBoleculss as a result c£ the strength of the at tract ive force at 
the clay surface* The adsorbiaQt may influ«»iee adsorption throu^ 
i t s e i f e c t on t^e oricwntation ot tiie adsosbate* Xfiia infiu«nee 
may be exerted by a coBt>in«ition of two factors, surface oc«ifigura-
t ions such as the holes in the distorted hexagonal net work of 
surface oxygiMis in the 2 i l etinsrals which provide posit ions for keying 
of ROleeules ard inpose l iai itations on oriantation of edsoxbatei and 
the attractive forces betwe«n the adjacent 2 i l l e y e n whicdi siey be 
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Also i t s water 9olur>lllty rray aith?r b« grcatar thm or loss 
tnan th« original ooflqpoimdi tihic^ will affaet i t s l«acd)ing and move> 
CR^ nt ir.to thQ ground water. 
Actsori^ tlcm rxoc9-:$ses are axotharrrie and an incr® '^ so in 
t9crp r^@tura t<-oul<i nocraily b« expsctsd to raduca adsK>ri.tiaa* 
Tills aoccmsponcM tc a w«aK«»ilng oi tim attractive icroas '-^ t^&^ iwi 
But, 
tha soluta end rxilld surfaca with increase in t^^arature* A'^ i^ s^te^ S 
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at alT found incraasa in edsorpticn o£ t^.c tolacvde with incraasa 
i n taoparatuuns* 
The property o£ adsorption plays an iis^ortant cola in aoil 
£artility4 I t i s tflJta to this property that a aoil i s able to hold 
water and plant nutrients and >: epstham availal:>la tor the uaa o£ 
growing plants. 2t enables the aoil colloid to £imction as a 
reservoir of rutrisnts Cor plant uae* Soltible stibstances «:lded to 
ths soi l in the form c£ ferti l isers are retained in i t baeauae of 
the powar o£ adaor^tlon that so i l colloids poaaessi otharwise they 
would e les t frcMR the soi l throu^ laaching. At the a^ ffiia tisie* 
thia property enables plant nutrients to be retained in the so i l 
in an availi^oie Cosai. On account of the is^jortanoe o£ thsse effects. 
Was it/oonaidisred i^apsopriate to carry out exhaustive studies on the 
adaocption of oxam^^  with clay colloids frcwi several wtglMi. 
rnvmnm imvmm 
A plot between the «K»unt of adsorbale adsorbed by the solid 
and that bald in equilibriusi auapension ie «ir»o%Kn as adsorption 
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So isotharm, Txmmdlidh found that th* adaoei^tlcn in c«s« of 
nany d i lu ts soXutloos oould b« dsscrlbod by tho •quation, 
in 
I0h3r« x/m was amount adsoi^ad, C« tba conotfitratl<»D o£ solution 
at aquiiibriur* - * - tha sorption intensi ty and K the riraft»ailcti 
constant* 
anoC 
Tha FtBUoaiich agu t ic^ i s lasantiaiiy i»s^iricai/i:3assd on 
S i 
no thstoraticaX rodal. Ki$:,Ung pras«nit«d a Just i t icat ion £or 
i t s application to ad3orpti<»ti £roii; dl luta so lut ions , The sorption 
int^smalty b^ttta^i O «3xid 1 indicated l inaari ty in tha isoth'srrn 
itrhlie doviaticm tvom unity inciicat«3d non*lindairity end en 
asQ^onantial dacrsasa in the sorption onaJ^y as tha prD|x>rtioQ o£ 
adsorpticn s i t s s saturat^sd bse«ma largor^ « 1/n also lesesured 
thm intansity of adsorption r^flacting tha dagraa to which 
adUK>r{.tian was a function of ooneantraticai • Fi^imdlich constant 
showad aff ini ty of adsoxbemt to adsorbata. Th« Fraundli<^ equation 
was used by Kuster^ to describe the partition o£ iodine« by 
•eedeokec' and othess for adsorption of gases on solids* by 
Jtussell and l>f«s«ott \ and others ' £or adsorption of {^losphate 
by so i l s* by Bigger and Cheung «^ and vac Bladel and f^rale'^'^^ 
for adsorption of pest ic ides «R s o i l s . i:he fi^undXieh isot^arsi 
f a l l s i f the ocAieantration of the adsocbate i s too high. 
Langnuir presented a node^fer chemisorption, as 
followst 
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whatre x/m was th« ««ount adsorbod p«r \mlt aiBouiit o£ adsosbant, 
C tha aqtailibriian cx»)oaRtraticm in aolution* b tim adsorptlcm 
laasciBa or capacity parar^^tar wid K tha af f in i ty paramater. 
Affinity j-arwrgtar (»:) showad tha isondiRg «nirgy of adacjiS>ata to 
adscrbsmt • "niQ Langiruir aquation was succassful iy U3@a, for 
adsorption of Qasis by so l ids « for adsor^ticm of F by 
s o i l s ®, erd for aJsoi^tion of namagoi on montBorilXoritas ^. 
Many iiorkars rstport^td that in soma casiS nor« than <ma 
Langmiir aquation was raquirad to dascriba tha ovarall sorption 
data# and davietion lunosa from tha invoiimnant of more tiian one 
machttisiB or sortition s i t e s during the overal l adsorption. 
In such casus constants K «r«d b for the dif ferent parts of 
the isoth^m were caXcul-'ttd separately by regression analysis . 
79 
ayden e t a i de^Niloped a procedure for resolving oon^pound 
isotherns into their d i s t inc t p^rts* 'Zh® procedure involved the 
euceessiv^ approxiieAtion of K and b values (fhsscrlbing each of the 
overall isothecsis with the experimental gor; tion data* 
Tlie l^angsMir equation waa ^p l i cab le «;h«a inultilayer 
adaorption or eata lyt ic OMi4ensation phenfMoena were not involved. 
The theory of ^mltisnleeular adsoxptien was developed by Brunauer, 
BwfBett and T^llef^ end further entended by Bmnauer* Deadng, 
fit 
£>estin9 and Teller . The MT • BOOT equation is« 
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K«isqn ftnd H«ndrick« * appUftd th« BST m>d«X £or th« f irst tiim 
to soil systems • Dyal tfid Ksrtin vised th« BBT pxiocsdur« for 
uptaks of polar tnolgculas by swalling cl«ys* Oratlston r«port«d 
a elo3« rsletittisMp batim'dfi tha valisas of coneantration and ionic 
hydration anargias toe diffarant ax^angatbla eaticms in casa of 
adsorption on caontr orillonitaa. Jurinak raportad that this 
aquation oould be succassfully uaad £or studying tha adsorption 
of pasticidas. 
Tha rasults of misorption could not ba axplainad by th® 
abovs concapta in a l l casas* Tha assunqption that second ooisponant 
was not involved in tha adsorption pxocass %fas no longer tanabla. 
E»raf(ir«ritial or d^l<activa odsorption of saoc^d ooinpanont was found 
possible and aquation for a conposita isotherm was pxoposed as 
follows. 
^r,^^ a s 
"'* '^'^ • Hj ( l-x) • nj X 
This aquation was found applicable for adsorption fron a l l aolu* 
tiona of whatever ooneentrations and accounted for multilayer 
•dsesptloB as wall. C^siposita isetharmi showed a aidooth variation 
with coaposition of solution. In sons cases, steps and sharp 
' di a toon tinuti as were observed. These were attributed to the 
appearanea of a aeoond layer of adaoxbata on the top of firat or 
due to pliaaa ahenges in the adeoxbata. sharp breaks in isothan«s 
could also be dia« to the ^ang« in the orientation of tha adsosbate. 
I Venturell**^'^ suggested that different partsof the isothem 
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eorrttsponcted to adaorptlon &n s i t^s o£ differing ttn^tgiem du« to 
hot9Sog«nttlty In ths suirfset. 
S i l . . . t . l ! » ' ^ . tuaiad t h . . d K t p U o . £ro« • , . « > » . 
solution o£ a varittty o£ solutes* and Oaveiopad a classif icaticm 
of adsorption isothscma it^to s»L# H onj c tvpsa dap«idlng upan the 
I n i t i a l slopa. m e &- typa isoth3nD -^aa oeancsem «?h^ n so l id ha'i a 
higto e££inity £or the solvent* This ty|.^ o£ iaoth -cut iiidicat'sd a 
ter.d^ncrs^  tor larga adaoxt^e^ RK,laculas to asaociata rather t}itm to 
regain oa isolated tmita. In the i - typa curve tb«^  aloi;^ ^^  i n i t i a l l y 
ineraasad with incraase in concsntraticm dua to ooop^rativo adsor:^ <> 
ticm* At tha saturation point vhara no ait® ra^alnad vacant slora 
f a l l , sudti typo o€ iix>thcinQ3 occurred v^ han tha ectivatlon energy 
£or da3orpti<^ o£ aoluta was concantration dapoftdent eff»3 or was 
markedly raducad oy large nagativa contributi<w of tha solvant. 
Tha £* typa of iaothans was footad wh«n tha so l id had a high 
af f in i ty for th« aclut •, or th« adsorbed scluta ssolecule wara not 
vart iea l ly oriantad. This curva ihov^ad that as motm s i t e s in the 
substrate vrm f i l l e d up i t becami increasingly d i f f i c u l t for a 
boBft»ardiog aolute nolacule to find a vacant s i t e * In L type curve, 
the so l id possessed few s i t e s whic. were widely separated and had 
large hydcoiphebie region, t h i s type of isothaisi was reported by 
tfebef^^ and Bailey e t alf^ in t r ia s ines . The C-> ti,pe iaothanB, 
was (Stained when new s i t e s beeane available aa the solute mole-
cules were adsori»ed from the solut ion. Zt represented penetration 
of aui>s^rate tri.efoporas by solute with or without solvent. The 
s«Mll solute moleottles were found to be aeooaipanied by we%ar while 
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ths l«rg»r vmta with or without wat«r. Sudb typo of isothanm 
woco found by Gi;^ »«il«ndi *« and Singhal «t aX. ' in cats of 
assinoacida and oonatocidaa raspaotivaiy, llha H- type curve was 
rara and w«a obtained when the sciute hae a vary high aff ini ty 
for substrate* or thsre was no ineasurable &B%\int o£ solute la£ t 
in the solution* IhQ i i . i t i a l part o£ li- tyr^ isctharm was vertical* 
This type of curve along with a plateau was dbtoin^d in case of 
94 9& 
cheniaon ticQ oi fatty acids « nenatoacids sudh as talone end 
ion ic Riicelles or polymeric BSJliculsas* ihe l«ivjth ci: pleteau 
indicated tho d i f f i cu l ty of formation of a second l&yer* 
in mnher of 
In adsorption i30thdrias/ma3d.nie &n<i plateau tisra obaarved* 
h horizontal pletfsau was irdicativa ot saturation of a l l the 
internal area ot the substrate w.<ich could be op&amd up in the 
solute* A Xcmg plateau indicated that a high energy barri^^r had 
to be overcoBie before atiditicnal adsorption ccuid occur on new 
s i t e s* after t^e surfaces had been saturated to the f i r s t degree* 
h short plateau reflected that the exposed adsorption surface 
readily attracted noore solute* 
Adsorpti<»Q isothems have proved v.ry useful in undei^ 
standing the iRec^wiism of adsorption of organic oonpounde on clay 
surfaces* and have be«n fu l ly u t i l i s e d in these studies* 
Themodynarr4.es i e a brandi of physical scicmee concerned 
with relating «nd predicting the various properties of naeiosoopie 
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nattar, asp'sdally as mii^etmd by t^ siw^partttura, Ml obssrvabXa 
naexosoopic pKO}/^rtias may ba studiodf tho mae^anical piDparti^s* 
hydrodynamlo pxop^rtlaa (praasuro ana viacoaity)« the thaneaX 
propartiaa (h^at capacity and th^xatai cot dtuctlirity}, a laetr ic and 
magnatie pcOF'A^^^w (atiaeaptibillty and d ia lec tr i e ccnatant); arid 
tha di^slcal i soi^mrtima (oquliibriURi constant «id rata ctcstant) • 
Tha seijnca o£ c^aEtical thaznsod^aiRics gi'iNui a q(uantltatii^ account 
ot tha anargy af fects o£ ch.3i&ical jxocQsmma, and ua«i audi 
i:.&)ir!r.atl<»i in tha pradiotton o i chaidcal behaviour, 
Tha pnopartids and procaaaaa atudulad in th^rtnoaynattiea B^vm 
to £all into tuo divisions* (1) ciasaicaX th^jmodynafidai* tnhan tha 
atudy is litnit^^ to tha uxtimata aquilibriiae condition raachad oy 
n»attar whan i t i o l a f t alona# (2) non-acjuilibrium thawed fa ir ies 
^han tha study i,<i iieiitad to appxoac^ to aquiXibrium cc^Jitiox} 
such as viacoaity* thermal conductivity and rata oonatant* 
Tha s«ft»jaet mattar o£ th^nodynarics i » baaad ossantiaIXy on 
two fun.damantal laiia which auimnarim tiia actual axparianca with 
ragacda to intarconvaraion o£ diff<»raRt fbrms of anavgy. By tha 
appiieaticii o i raiativaXy aisipXa and math^RiaticaX pcoosduraa of 
tha twa bttiie lmm» i t haa baan peaaibXa to dariva raaulta whidi 
hava pKovad of funda»antaX isipertaata in ehasdatry, i^ysiea and 
an9ln<»aiRiii9* t ^ a t i o n s hava baan davaXopad giving, tha variation 
with «a«p«ra«nra and praasura of eartain phyaieal propartiaa of 
aUbatanoaa. Of nara diract int^raat to tha c^amiat« howavar, i a 
tha darivatioB of axaet o^di t ioaa far apOBtanaoua chaaiieaX raao» 
t ion and chasdoal aguiiibriun* 
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'ShmtmoAyamaic tmiatmarat hoa hm«n •xtonsiVQly usad tor m 
•tudy of th« oxc^ <!inQ« phttnoir>«iA of ions in clays by Gain«a and 
ThowM®*. ^audtlout a t «!?'* 0«»t®^. Cast and KicA>©®*. Van BltOml 
and Laudalout*^, liartin and Laudaloiit^®^, Vanaant and 
Ottarhoevan^®^ and laora racanUy/iSlnohal at a i ^ ° ^ * ^ , 
iti® aliova traatmaot haa b@on success fully usac) ios 
calculating th0i:nodyiiar^lc peranratttca in tha i^socas^sea vMdti ara 
r^viraXbl® t^nd atoic^onwtric . Howavar^ tha appxoach 1B not -
applicabla to pjcocessaa whicii ara not ful ly ravamlble and 
stoichiometric* To study such pcocasses «}urinaK at a l . have 
pcoposad an equation by ifhidi an «asocption procasa een be 
thanne^namlcally dafinad. 
r igg .c ^A Ch.une'"^ >><,v. p<opo.»a . na« nnthoa to . v a l u a t . 
the thanodynatrio eguilibriuai constant (K), According to them K i s 
the ratio of ac t iv i ty ol adsorbed solute to ac t iv i ty of solute in 
equilibrium solution* or« 
where y^ i s ac t iv i ty coeff ic ient of ad«>id>ed solute* C ug of 
solute adaoibed p^r stl of aolv«nt in ocmtact iiith the adsocbant 
surface, y^ i s the ac t iv i ty coeff ic ient of aolute in the equi l l -
briua aolution and C i s ug of solute per sil of solvent in the 
equilibriusi solution. 
in theinodynanie atudiea the follovino quantit ies are 
further ueeAi 
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Thm trm9 «»:argy (AG) o£ • r««otion i s tha diMslcal 
•nttXo9U«-o£ "petontlai eiBrg^f** o£ mechanical sF'te^s. At 
constant taaiporatur* and pressura whan AG m O thora i s no 
p r a f a r ^ t i s l direction o£ tt^ raaction* i t i s at •quilibrium* 
i<h«i AG i s naoative sfXintanaoua or natural char^gas wi l l occur. 
Kh9nA6#is i ^ s i t i v e natural uiracticn i s opponita to th® 
ciracticai, u's hava ^nvisagad for tha transfcnr tion or raacticn, 
Cl^ntanaous ch nges can continua tc occur in s^^t^ns as long as 
the fr@9 energy of ths f^ ystarr can dacraasa i . o * iint^i tha fraa 
enssrgy of tha jeyatarr- raadias a Rdniomin valua, A knowl'sdga of fr«9 
Qtvttgy change i s of great imiortance in tho study o£ cJicssrical 
reactions* ihe value of A G jtor adaor^.tion proce-^aws i s 
r.agativa ana oC tho Gnaynituda o£-1.0 to • 4.0 kcal/iaole vihiX^ for 
ion-*axchanga |:£ocas3as i t i s of lower it?aQ< itvtde. 
Tha haat of raaction ( A H ) of a ca^ndcal changa i s tha 
diCfar«nc» bati!/a«n haat ocntants of tha i^roaucts and tha raactants 
whan tha nuiribar of r o l iculas of tha rjactants indioatad by 
ehaiRieal aquation hav« con^lataly x^actad* Asiong t^tM diffarant 
nathods A H can ba ealouiatad ;y using tha v« i*t Ho£f isochora. 
^ H can also ba calcul«itad by plott ing IYIK Vs ^ . Zn a chamical 
raaetion whan A H ia n^gativa^ tha systasi ia •siothaiirde. A H 
also shows tha ralativa strengths of tha bonds holding tha 
par t i e l s s of tha raactants «»d tha producta togsthar. 
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The dtigVM of disoraar o£ « systttiR or i t s rtndonnswi i s 
KaMursd by • quantity c«il«d« antcopy, «nd i s dscotsd by $. 
^ S i s th9 diaogs in sntiopy, Ths positiirs vslus o£ sntiopy or 
Ix.crfASs io mittoiy i s sho«t} by the pcocsssss mhidti hsvs a 
tsndsncqr to sttoixt tho 8t«* e^ o£ aquiilbrittst «fid srs nostXy 
ircisvarsibl*. Tha iaor« « systom spi coschas «quilibciuii ttis 
^reatsr i s the disordar and irrav^nibiiity* Tha nagativa vaiua 
o£ antxopy iodieatas that tha syst^nt has baooiBa nora ordamd and 
thara i s loss in ttm i^xaas of £xaadc». Tha inersasa icay hm 
eithar dtaa to incraasa irn ion hydration* as in Li - Ka*^  axchanga 
or dua to iani^ilisatiCHs or £iKation o£ orgenic soXeculas dua to 
adaorptiaa^ . h knowiadga of antrc^y ^«n;;a i^ rovidtes idoneation 
ecmeaming strtictural changes accoa^anying a yiv«tfi proeass. 
ChMdeai kinetics i s ooaosmad ifith tha naasuraimnt o£ rata 
o< raaaticms piooaading undar giran ooiiditi««is of tM^paratura* 
pr«ss«ra and ooaeantratioa. Tha f irst kinatic awasurasMet waa dona 
by Miihaliiy^^ in l<iAO« ifhe aaaaurad tha rata of invarsioa of emm 
avgar md alaa iavaatigatad tha inflaanoa of ooneantration «ipen 
tha rata* Za lMS«i7 Maraourt «id Isson ifi<vastigatad raaetion 
batwaasi Xl«io^ and aiialia aaid. By vary 4ataiiad aiqpariMantal 
atiidiaa o£ tha rata of raaatian and ita variation with tha oaaaan-
tratiaa of tha raaatiiig atftataneas i t waa aonoludad that raaetiofe 
irara of f irst ordar in vhiah tha rata waa pioportioaai to tha 
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eoncttotrtttion only o£ on® insactlnQ otibstaRoaf and o£ second ordiar 
in which rata wa« proportional to ttm product o£ ttio cx^ nc mtr»-
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ticma* Guldbary and tJaaga pointad out that tlia law* o£ 
chairical aquixibrium could ba darivod from the kinetic lawa 
: y asauiBing Uiat at @quili.^riui» tha rataa ot tosward md rav«araa 
raactiona yara th@ aae^* 
Tha 3unj?ct of cti^ HRical Kin<3tics iiiciudid er^-^irical studiaa 
of tha 3f£30t9 c t conctfntration« taiBj^aratur^ and hydrcstatic 
praasura on i^aoticass o£ various t^^a* waich ymr^ o£ i.ractioal 
velua in technical frcCv^^a^a* 
Thara wora ^any diCfarant typma o£ chaiiiical raoctiona* and 
to invjstigata th«iQ a wida variaty oil: asqp^riio^ntal tachniquoa 
vara uaad. A cccsldaraLla emount o£ work waa d9Vot9d to tho study 
oi Kinstiea aca machanisiBa ok reactions in gaaaovta and l iquid 
phaaaa «id a liadt^d aiDount on raaotiona in tho aol id i^haaa. Aa a 
r<aault o£ dai^lops^snt o£ i^miii alactronic tachz<.i^ fuas# during vacant 
yaara, a graat daal o£ e££ortwas davotad to tha atudy o£ raaetiona 
that iMira 4 i£f ieu l t to atudy by convantior^al tr^atlioda* The rata 
of raaotion was go'vamed by many factora* Zn kinet ic atudy o£ 
raaetiona one ^ u l d ealculatad ordar o£ reaction and rate 
conatWit by tha leathod o£ intargration, use o£ differential rate 
equationa« iaolation and graphical r<athod8« 
The theory of ion exchange kinatiea ia not yat ae advanced 
aa of ioB-enehange equilibrie* The rate oontrolUng atep in l«m^ 
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axchangs i s ttithar diffusion o£ ions with in ths sxehanoar itssiC 
or within a thin £ilip of solution surrounding tht ttvuohtrngat, 
aap«nding Y^ p^c^i tha j^hss^al 9Sid ehaslcsl perematers of tha 
system • 
In ion <$3cchan:.,9« th^rs war*? two potential rata (2dtarri* ing 
stspst intuir diffusion o£ oountor ions within ths ion OKChango 
ItssXf or inter dilfuaior: cf counter ions in ths tk<Stec^at fiXms* 
Eithar of the staps w^ rata oontroiling. rha rjsuits of particla 
l i s diffusion w r^a analysad i>y Boyd at alt for diffarant sphorical 
particlas. Fractional axchanga F at tins *t* for ^.artlclas of 
radius r was giv^n by tha axprassion 
CO 
* ^ n « l ^2 
r^ 
On tha othjr hand intardiffusion in tha fiint was treated 
as <iuasistaticatary ! • • • i t was assuBiad that diftusion across tha 
film was fast as eoiiparad with tha cono«itration cSi<$ngas at tha 
filsi boundary* Tha f i ln was tr atod as a planner layjr. aata 
constant was dstaminad by tha axprassion, 
f • 1 . aiip ( - g ^ l ^ ) 
fha kiiMtifiHi of adsofptior. i« nacassary for a battsr undar-
stsndiiif mi Vbm mmoiimltm of adsorption* aapadally in easa of 
adsoxF«io« of i w i B i A i imm aoiuuoo. Roginsky md Zoldovieii^^^ 
•c|Ufttlon know) tut eiovlch equation ««• uaad to study tho ch«Rii-> 
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sorttlon ratis by many workars* '* • Tho Slovich aquation i#a«« 
- ^ • « asQ> - ^ q 
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l^ l^cala and S^ttXamoyar**' nodifiad tha aquation aa# 
Tha authors concluslcna waro that tha^iovJLch o..uatl<^ vas pmaraJlXy 
V l id ovsir an aactanci^ d rauQ-.a of slow chairlaoirption ^coctsa. 
Klngroan ^vsXop^d tha £oliowin@ rata aquation £or dhet iaor|:tiotn 
procaaa 
- ^ • a p <C» i d , 
whara K waa tha voliuNi adaocbad* a and C tho constcnta« and iC" y^ 
tha maaaura o£ avallabia 3ur£aca. 
Tha aquationa proposad abova did not taHa into account thm 
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backward ratustion or tha dasorption rat^* Fava and g y r i n g " 
darivad an ac|Uation which took into accx>unt tha backward raaotion 
aa wall £or tha adaor£.tion of dodacyi bana^na aul£onata c^ cotten, 
Thair aquation WM writtan am, 
^ - 2 Kj (1 - 0) ainh b (1 - 0 ) , 
whira 0 waa UM fraction aosbad K tha rata oonatant for adaorp* 
ticMi* b a OEMc^ atant md a iiaaausia of aurfaca atraaa wiarvy dua to 
loading with irolaoulaa* This aquation a39>lainad lewiy adaoi^tion 
data aatiafaeterily. liowav>r# thara vrara two drambacka in thm 
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equation, f i r s t during deriving thi« •qu«tion i t ^as ttSSUBiad 
that tha prodaet o£ tha £ro« oonc^ntratii^ o£ aasosbota «nd tb* 
forward rata cc^atact waa aquaX to tba prc^ duot of sox^d csmcart* 
tration with tha backward rata conitant, Hiia fact waa trua or.ly 
at aquilioriwn. 3acondly» during deriving tha aquati€0 i t was 
iMsunmd that thj stic^^ng probability £or tha aO^crbata en the 
.ur£aca waa unity for a l l valU33 o£ 0* t^indstrois @t al* ^ 
darivad an «9quatio& which too1«: i' to account both tha sticldLng 
prolj^il ity factor aa a function o£ covaraga 0 and tha •i iml-
tanaoua backward raaction rata. Tha darivation was bsaaA en a 
gan iral Langnulr approach, Tha aquation propoaad by x.indstrocs 
at al . waas 
« . KJ {(1 - « (I. f ) , . " »'} . KJ f (1- f , b(2-« 
wham 0 waa fraction ol tha anount aoxbad K^  tha adsorption rata 
eonatant* K^  tha dasorpticm rata constant and b «riOth*r oonatant. 
All tha volacular oollisiona raauit in chemical rtiacticoia. 
Tha oolliaiofw batwaan the^a ffiolaeuiaa only which poaaaaaad 
anargy aqual to or in axoaaa o£ mininun anargy raaultad in 
ohaideal raaetiena* Tha axoaaa anargy that tha raactant mslaeulaa 
aeq^Md in ordar to raaet to yiald produota waa know aa aetiva-
tiofi <Maargy and w«a daiiotad aa ta • Acoording to thia ooaoapt* noii-> 
aetiva oolaeulaa oould ba aetivatad by abaotptiori of antra wiargy. 
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Thm activation niissgy datarmlnad tha intansity of tha 
rata o£ a raaetiofi, and probability of tha foriRatlon of an 
activatad oonpXax* Actlvatsd cci^I^x %fas tha Xaaat attfbla oonfi~ 
guration* through which tha raaetanta paaaad on tha l r way to fom 
products • Highir tha Sa valua« alo%vtir t t^ rata of reaction dun 
to lasaar probata:: l l t y of tha forr^tioo of an ectivatad ocae^Iax. 
l it a givan tcB^aratuxD, A <^n datanrinad tha probi^^ility of tha 
ionrtation of an activated oo»si iax* Highsr tha valua of A Q& 
Xaaaar tha pcc^alsility of tha feDZination of an activated ocNEBiXax* 
St ib iXi ty of tha activatad ooRi|Xax waa aXao Xaas* A H^ corraapoQdad 
to activation ^nargyi Xassar tha valua of AH^^ mora the probabil ity 
of tha formation of an nctivatad ccinpXax and so faster tha rata 
of raaction* Poaitiva vaXua of A s ^ indieatad that prcbibiXity of 
tha fomtation of an i^tivatad ooi^Xax waa mora and tha activatad 
eo^Xax wM XoosaXy bound, ^anca faster wouXd bm tha reaction. 
I f A % w«* nagativa thara was Xaasar probabiXity of tha fomatioa 
of an activatad coi^Xax flfid tha activatad oootpXax waa tighXy boimd. 
Zf foxwation of tha transiUon stata raguirad tha in^iosition of a 
high dagcaa of organisation in tha way of tha raactant inoXacuXas 
•ppffoaehing •aoii oth r, and in the concantration of tha i r anargy 
in parti«uXar XiAlcagas so aa to aXXow thair uXtiSMita braakaga , 
than tha attaiasMNfit transition stata waa attandad by daeraasa in 
antKspy. 
Csop pvoduAtiaii i a tlia aaianoa of trying to obtain tha 
MaxiMHi alimrm out •< itNi vactoiis enspa. To aeeoaf>Xish this« m» 
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u««d tmny technlquaa, Advancawant In ch«rlatry •oiO^ldd hiw to 
develop m wlcto variety ot peeUcidel cheBiicele by which he cf ntrtjls 
posts . With tha gtmn ravoiution tha aamand ior paaticiJea 
increassd* 
The succeaaful use o£ {^stici:^s to c(»itrol hamfui insacts 
(ritear tsicroorganiaros i'^.d wj ;da asf^nded to a large degree cxi the 
fcnmlet ion ot ^m praparaticn* and the ccndltiona undar which the 
charical coi^xsund vam brought in contact with the xmsta of plants, 
vactor of plant disease, storad product pasts, dastroi^rs of non-
matallic m&tariaia and undasiral>le plants• 
The ggxseral t^m- paaticidss included inseotioides, fungi-
c ides , hssbicidas, roc!enticidas, nentatocidas acr ic ia i s etc* Tha 
I ast lc idas used ware ionic , xion-ionic or polar vhich right hm 
a i th ir inorganic or organic. Inorganic pest icides goneraXiy used 
were ooppar oxide, copp $r sulphate^ s iravi , sinab, thirain, nickel 
chloride, bariuai caxbonate, ooa$>ounds of As ana Hg, alumLnitOR 
phoss^iida, sulplnir ool lo idels etcf tha organic s^witicides were 
n ieet iae , tMC, osv, neauHTon, telene, oxanyl, z>-0. mixture, 
sialatliieB, perethion. Warfarin, ehloropierin, strychnine, phorate, 
diusoR, snooitson, 8* tr ies ines , X *iiapthyi thiourea, dioofbl e t c . 
Aaong the pest icides studied in thase investigations niekel 
ehleride i e generally uaed as a iel ieir eprey to control fungus 
sueh es rust^*', sheath spot fungi*^*, wlm blast*** e t e . Oxasiyl 
(•ethyl R*, R*. dlawthyl • N « (Methyl •MriMNsyi eiiy)*l«(thi«eiie-
s^adtete) i e e pest ie ide of the e u b e t i t i i f t aMide ggoiip, t% i s 
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non->lonie and polar, polarity delng on th^ cartx^n and oxygan o£ 
andda groups* Thasa ara apota £or intaraetion of tha ebaimical 
with claya md soi ls* Oxamyl i s highly solublo in watar« mathanol* 
athancl« acatcma ate. Zt possasaas spacific gravity o£ 0.97 at 
25^ C» Zt ia ns%€i as a broad spaotrum pesticido £or control o£ 
druggar namatodas^*, citrus namatcdas^^ , £oliar nan^atodas^ , 
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rootknot end stam nai&atodas • 
Tha intaraction ok tho p3stici(^s with soil particlas may 
l38d to physioo^chomical changas* causing inhioiticns o£ n i t r i£ i . 
cation« an inci^asa or dacraasa in CO pro(jAM:tiao and nutriant 
availability to plants* Zo view ot tha pssticidal <^3inicals baing 
toscic or ce^€^lm or contaminating tha air« watar and so i l and 
altering thair quality a^d thiririby i^ roducing undarsiroLla affaets 
upon inan and liia anvironmant^ t^air uti l isation rust be don^ with 
oara* Hanca studias ar^ naadad to axamina thair interaction with 
clays and soils* 
TlM asaoeiation o£ organic comiounds «ad clay leinarals 
has long b9«ti o£ intaSMt to so i l scientists* Kwy thasas tfara 
writtan ooaaaming tlia banafita ot organic chandcals an so i l 
structural pamaability, watar holding capacity ate* Raactions 
batwaaa di££arant typaa o£ organic conipounda and clay rtinarala 
wars invastigatad by auoy workara^^'^'^. Zt was found that 
organic cations and organia basaa antavad into cation aiiehanga 
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raftctions witb eXay irdn«ir«l«« Cryonio Iocs vsrs also h»id by 
(Kjulonbic and viwidar tniaal'a forces. Tha asKthangaabla eationa 
w r^a found to markadly aftect tha adaor^tion o£ poaticidoa by 
e x . , . " ' " » • » » . 
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riiUR3Ccvi9 adantlata contrtlbutad to t l^ iitaratuna 
on tha Intaracticn oi' crg«iic caticna with d a y s , ticrm racantly 
3tudias on ttm rsplac^o^^nt o£ oxchangaabla cations fcois 
irenttroniXcmita by aXkyl apcnonium cationa w r^a dor.a by Thaaog 
at alt and t^rtland and Baraka • Thay £ound that tha 
a££ir i t y o£ clay £or tha oapg«:)ic ion wem calatad to eelacular 
waight as wall a a tha valanca* 
Zn addition to a<^ UK>i:ption o£ oceanic coiEpountis by ion 
,«ehans. eoo^und. auoh « cot«>.cyl .r ln.»9, pyciatm'«», 
3» adninotriaxola^iuna 3«» triaainaa ' bacama eationic a£tar 
adsorption at tha clay aucfaca thcough parotonation. Tha sourcaa 
o£ tha pjEotona vara asnshmigaabla K^  occupying cation axchanga 
aitaa« wat#r aaaociatad with amtal catiena at tha axehanga aitaa 
or protco) trana£ar £rofD anothar eationic apaoiaa alraady at tha 
clay 8ur£aca, I t was obvioua that tha aidatanoa o£ an organic 
coaqpound in eationic or laolacular £onB «raa dapandant iqpon tha 
acidity or proton a^^qplying povfir of tha clay aur£aoa* Pnotona-
tion by watar aaaociatad with natal eati<»ia at tha aacctianga aitaa 
(tepandad i^^ on tha poloriaing powar of tha cationa* 
Many organic oom>ounda or pasticidaa iomad ayaaMitrieal 
hydrogaa b««ida or hai^aalt lika coaiplax with claya atg.« athyl 
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Munonitini 9thy2.«^n« tnontnorlXlcnit* • pyridlniVHR»p/ridln« 
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montworXIlonlt** «Jd ur««-montiBorlllonlt«*' • 
l«on-ionic oxy«nio nolaeul«« o£ « poXar eh{sra<st®r w®79 
«a»oci>«d oy dlsplaoiiiQ poXer watar inolsculea fjcotn th® cl«y aurfaott, 
Tha organic dipolar ^xtlacui^a wains gan frally udsocbad in tha 
intarlay r spe^in^a c^ Eontjraorillonlta in positioca aa f la t aa 
poaaibla* I^polar organic nolacula adaoxi^tion waa Qmiorally 
attributad tc hyirog^n Ixscditjg ot tha C • 0 -—«• cation, C=0 •—.«-
H-O •«• catlcsn, twH ~ 0 end c - H • o typa» ^o^ polar poctlcoia 
vara thought to ba a(3soxbad by vandsr Kall*8 iorcaa only* S^olar 
ncn-ioric <:x»^ 43unda wjra also asi3oa±»ad by cocrdinaticm. Farmer 
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and r4>rtland tvith tha halp o£ infrarad atudiaa in pyridine 
adaorption on Cu^ '*' caontwiorillonita ahowad that pyridlna could 
coordinata directly to tha Cu'^ '*' icma praaant on tha axehanga 
s i taa o£ aontiwrlllcmita and elao indiraetly to tha cu^^ Ion 
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throtigh natar o£ hydration. Mortlwid by i « r . data a^«wad that 
ui^a waa bald on to cu (11)-« Mn(X2}- and KKXZ) noDtirorlllonlta 
by aMiana o£ a ooerdlna<»i ooval«At bond. According to timn, 
bonding o«MKUrva4l thfigNmli tha eacbenyl yro^p rather than a^ i^no gro«qp. 
Mertland aRd Matfitt^^ ahowad by l . r . atudiaa that Et-TCfntrntsori-
lleni%a «9m^lmt ahoMa« a daesaaaa In tha eaxbonyl atratehing «»d 
inaraaaa l a CM • ^ • t t f i i a g iva^iMAey indicaUng that oooxdination 
of WPtQ m^lmmOm «• c lay aatliaBvatbla eatlona oeeurxad through 
oxygan of ««iibe»yl gnovp «id aMbanvaibla eatlona. fanaar and 
AhiJTiaiMi* ' alwii*« « i i^ mtrntpUm e f dlUDDn on •ontMoriiionlta may 
ba a(ttilMi««4 to in AstaCMtioA of laifcanyi o£ tha haibi«tda 
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with •xehangaabl.a cations on ttm •xt«Kn«I surfaoas o£ eXayt with 
« ^ « aluminiun cf<oups» 
rso» th^ studies e£ a lasiga {mK^ crar o£; poiar Rjoi^cui'is 
adaocbad on clay trdnarala* i t was ooucludad that notura ot 
saturating cation ori tha axchwsga coe^lax piayad a dacisit^ roia 
in adsorption pfocaaaas. According to FarB^r and Mortiand*' 
natura o£ transition m^tsil £crrdng tha coordinata coiRpZax on tha 
ciay datacminad whsthar or not tha organic nolacula itegra^d. 
According to «ac Ewan^ *® and othars^^**^^^ oxyanic 
coBSj^ unds whic^ possassad a basic chtsslcaX charactar and i:>H gro^p 
a.g. aiathyl amina adsorption oceurrad by formation o£ a hyOrogan 
bond batiNMn tha acdno group and oxygans o£ tha clay sur£aca« 
i f i i Hacantly Brlndlay and Thc»i^ son ooncludad that organic raolaculss 
tarminating in -^ H* in « CCOH i^ id in* HH^ groups i^ra adscsbad on 
clay colloids via hydcogan bonding. 
Talibudasn raoognisad that organic nitrousn basas xaactad 
diraetly with H» nontieorillonita* and tha raactic»} was pH 
dapanaant. Ha also auggastad that tha baticity of tha aoispo«mda 
was tha asat ii^portant pxoparty in datarstining thair adsorption, 
Tha mora basic ooa^Aunds wars adsorbad in graatar anounts than 
laaa basic cMkas. 
Mal*araB at al . obaarvad that tha naxinuin adsorption o£ 
protains on tha aontnarillonits oaeurrad in ths ragion of tha 
iaoalaatrio point of ooMpounds* At low pH lass adsorption wss 
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notad whieh MM due to oois>atitlon by M"^  ions for ^asoxptloti 
sit«« on th« cXay surf sea. P«cra«s9 In adsorption at high pH 
was attriisutad to tha formaticn o£ pi-otain ar:icdiis which itfara 
rap^llad by clay starfaca. Aceoroing to ffn^r^'^ maxiiouiR 
adsorption o£ S» triaaii m* oceurrad at tha pH in tha vioinity o£ 
PK^  val\ia« Oaoraassi in adsorption at pH valua lower than pK 
was dua to cowpatition froai II* and at high pH was du« to oot^ati-
tion from oth^r cations. 
Of tha sixtaan alasiants known to ha assantial lor plant 
and Rdcro>-organis{R growth, savan ara raquirad in SRiall <|uantiti3s 
and ara calXad micsonutrionts or traca aX^^ nants* Thasa ara :» Cu, 
Hn, Zn» i^o« Fa and CX, Tha nutrients Xika As# Fa, So ar.d Li 
Lacauaa o£ thair toadcity to animals hava also ci^ »|uired special 
iff)portanca« Othar aljRtants suc^ as Si, V, Ka i^paar to be helpful 
for thm grwoth o£' certain spacias. s t i l l othjrs sue^ as Co, 2 and 
r have baen stiown to be essential for animal growth, but apprantly 
are not required by the plants, 
Among the e^icronutrients, besides neutralising harmful 
conditions in so i l s , Cu plays an iniportant role as nutrient in 
oxidation reduction ensyne anu together with Co i t s deficiency 
Mey cauae several fores of diseaee to cattle fed on crops grown 
on suc^ s o i l s . The growth of legimineue erope ie foimd to be 
reterded by Me and water soluble B^^ whoce deficiencies result 
as 
I n d t f e m l t i ^ in eauliflowar, toiMto««. T}i<t9« «iofBints «!«<» 
• f f « e t n i t ra t« t i t iUsatiofi m& emkoivm upt«lc« by wootmm f« «na 
« » » ' . . « t h . m,.t * » « l « . t o£ t h . « r « . . l « « . t . but. « .d . r 
• IHai iR* w d e«le«x«ous ocmditions ttioy mostly rviiwin intietiv* 
and «naiir«lXfJoi« for plant niitciti<»(i» 8«aia«« thatr function «• 
notcififftts* tho t rao i aiaffiant* play &n ii^poxrti»t biological lo lo , 
and an ajeeass or dafioianc^' laada to ezop £ailvuc^ and dtsaaaaa 
l i l ta chioKOsi^ in th^ f r u i t t raaa, 
Sar l i .r % r^lKarft loolfiad m^tm bactatria aa ca»poii«il>l« £or 
tha nest inportant M»il pvooasaao* Curing tiia last tliraa mad a 
hal f dseadaa i t hi^ b&am» dai i t i i ta ly aataibiiahad ttiat tlia so i l 
is c^aractarisad by a dist inct wioccbiological population na t^e v^ 
o£ spaci£ie gvov^* Tbasa axart a graat variaty oi assoetativa 
and antagonistic afiacts nqpon ona «m»thar and narkadly in£lu«Etca 
tha f e r t i l i t y of so i l and g«e»i#tli of cult ivatad «id tmctiltivatad 
pl i t i ts* Tha iollotiing ara ttm SMijor groins that vmkm vsp tha so i l 
iBiorobiological population or i t a f lora mnA fauna* 
C ( i ) fy«l^At*> thass sra unio i l lu lar organisiM* thasa 
inelttda spora fomln^ and aon«»speiei»>x8dng rods* cocci* Vibrio 
and a p i r i l l a . Thay vary oonsidarably in ahapa* sisa« oxygan 
raquiraaianta (aan^ic and anaarobie)» SBaxgy ut i l iaat ieA 
(autotxof^iic and hatarotr^l^iie)« a l i iM iomatioo and ralatioR to 
planta and aoisials (sapxophytic and parasitic) • 
mt0 w«Xl x«pr«9«fit«d in thm s o i l . Aetiooieyestcs ir«ry {ixwatly 
in thair bioaianical pxoimrtXm, in relation to highar t!l«nt« and 
•nimclLa ana in tmtr 9timet on so l i b«ota£i«« 
( i i i ) fUtiq t^*. Thoso ineXudo a iarga gxoup of organiawa 
Imown aa phyoont^ eat^ a* aaoonycataa* h^ptMiyeataa «id baaidonye^taa. 
Thay pco(3uca asct^siva ajycaUim and aporaa in aoila «nd in 
coii$3^ta. Thair gxowth i s thVDughout tha aoila and mmg ba ao 
axtanaiva aa to hold tha aaaa oi particlaa togathar by mmmm of a 
vary fina nicxoaoopie nat work of mycaliuBi and i ta alteration 
products* 
U ^ Ai^ Ag*" Thaaa ara graan colourad organiaiw and ai:a 
autotcophio. thair ability to produca chXoroihyli makaa thair 
livaa in tha aoiX aspacially on i ta aurfao®« indapandant of tha 
praaanea of organic eiattar* 
<v) i*«OTOaOAi» Thaaa ooKpri^m amoai^ aa* flagaliataa wd 
cl i tataa. Protoaoa axart a oontrolUng affact upon tha cdsundanea 
of baetaria* thua affaeting advaraaly a variaty of aoii pfoaaaaaa. 
(vi) pG f^sR AhiMif y^*^*" f)»tM ineiuda naauitodaa* 
rotifara* aarth tfoma, lanMM of inaaeta* Thaaa orgaoiana hava a 
variaty of funcUona in aoi l . Tha ib iUty of aoaa aoii inhibiting 
inaaeta to attack, eartain higher planta fraquantly iMkaa than of 
graat aaoaondc iieportanoa. Tha action of aarth iforiM aa "aoil 
auitivatoia" piaoaa than in an iaportant catagory. 
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AX though soi l nlesDOAfaoisiM &><» • v«ry small part o£ 
total 9m»»» thay ara raaponalbia for najor ehaiigaa that oeeur 
in tha s o i l . Xn vadous p^ocaasaa oC dacoiiqpoaition« iidexo» 
ovganiaaa build up axtaralva ee l i aubataneaa* tmicfi oontdbuta 
to tha oxtganie mattar o£ tha aoil or tha so i l huinua, 
Kany organic 3R(3 inorganic choidLcala hava bo^n aava* 
lopad during tha l^it £mi years which offar graat potential in 
the proauetioa and prasarvation o£ food «Q<3 £ibr«. Tha uaa o£ 
paaticidal c!i^ssical undar tha naw atratagy o£ e^ricitltura has 
baoona o£ paraiaount iirrportanca. In viaw o£ tha <l«QQar o£ paati-
cidal chi^nicala ccntMiineting tha ataaoaphara* watsr and aoil «ith 
advaraa a££aeta« thair utiliaatioo naada propar control and 
axaieinatioii. Thus £or optiimiai aj^lication to aoila* ond plants 
i t i s eacMsary to undarataod tha KschaniaiB o£ interaction o£ tha 
pasticidaa with soila and clays. On if^plicatic^ tha paaticidas 
•ay ba adaoxbad on tha day and aoil avbatrata* laay undargo an 
a3r<diin«a with cations or mions, and cauaa a variation with adoro-
nutriant availability and Biexoerganisaw o£ tha aoil* Thay atay 
alao bring about various physioo-chasdcal ^angas in tha 
anviroonant* 
Oua to tha graat iaijortaiica o£ tha sbova a££acts in aedaxn 
agricultural production and anvironawntal pollution, i t was 
eonsidarad isfiartant to aatamina tha naehanlan and intaraotien o£ 
aoa« paatieidaa with aos« iai^rtant clay adnarala lilia aontaori-
) • 
llonitQS* i lUt3» md kaolinltMi* Th® Influonco o£ oxganie posti-
eldtts on traet «i«ii«nt stattts o£ Alioai^ so i l waa aXaio stuaiad. 
Analytical aMthods, adaofption iaoctharna, kinatioa o£ adaoxptioa 
and tharaod^anlisa oC axc^ anQa wan nainly uaad In thd «)aov« 
in vastigationa • 
Tha aubjdct etattar o£ tba thaais osititlad* "studiaa oa tha 
intaractioo o£ pastiddaa with days «id aoila* was inv^stigatad 
on tha following plant 
(1} studlaa cm tha astiisatlos) o£ oxafmyl; Parta Z and ZI« 
( i i ) Studia* on tho adaoxption o£ ojtaaiyl with acid and 
baaa aaturatad montnoeillonit'sa 
( i i i ) studies on tha adsoirpticn and i^taraoticr.s of OKaisyl 
with maid imd basa aaturatad i i l i t a a . 
(iv) Studiaa on tha Kinatica and inaehaniaiR o£ adacxption 
o£ oseamyl on kaolin!taa. 
(v) sttidiaa cm tha thasttodynamica o£ ion axGhanga in 
ola^t Parts Z end ZZ« 
(iri) Studiaa on tha in£iitanea o£ pastiddaa on the traoa 
alaaiant statiia of so i l s i Part Z and XZ» 
Zt waa aenaidarad that auch atudiaa wil l psova usa£ul 
in aavaral ways. 
1. l««ar« b« D*« to i l Fliyai«a» Ind id* John Wilay N. Y. 
Maw T«rk« If 49« 
1 , ikMMi* 6# S* aM ikaaMNi# • • ¥• , j , A» . Carasi. soe* 9» 
1% mm* 
39 
3 . Htfidrieks* S* B. and Fry, W* H.« s o i l Sc i . 29« 457« 1930. 
4 . rsuling, L*,, Proe. K«tl« Acad* S d . U*S, 16« 123« 1&30* 
5 . Kttiitty, v\ p,« Dor«« vr. M* and Bxown« 3 . 1 .^, Soi l Sci* 
31, 2S 1031. 
5 . Mamhall^ C« E.« £• Krist . 91# 433, i935* 
7* Ro33# C« S, and K«rr, P. F,, J* Sad* Pet* 1, &9, 293X* 
6. Gstm !r, J* W, L« i^ ^rist* 63« 75, 1933. 
9 . Brindley, C, m^ and i^binsoo, K.^ maaralogy Kag* 27, 242, 
1946. 
10* Hofnann, V*, ^ d a l l , K, and Vilm, D*, Z* i'lrist* 86, 340, 
1933* 
11* Ma«gdt£rau, S« and Hoftnann, tJ«« Z, Kcl^t, 96, 299. 1937, 
12. HandricKs, o . B, , J , Oaol, 50, 276, 1942* 
13* cr in , ^. £*, Bray, a* H, and Qradlay, 'A*, f., Aia. I'lnsral. 
22, e i3 , 1937. 
14. llendrici», 5 . B. md i^as, C. S. , hm. Mineral* 23, 663, 1941. 
15. ChakvavarU, S. K,« J . Zr.d. Soc. Soil Sc i . 6 , 239, 1956. 
16. Chakravarti, S* K,, Soil Cult. 22, 17o, 1956. 
17« huldiarjoa, s . K* and Chakravarti, s . K«, J , Indian Chan), 
Soe. 44, 167, 1967. 
18, Om Kantngo, <3. i<., Chakravairti, s . X, and Mukharjaa, s . K.« 
J* Indian Chan. Soc. 44, 339, 1967* 
19, B«itt, A. R« and imldkavjaa, 3 . K,, j . ind* soc* Soi l s c i . 
13, 251, 196$. 
20. Bavu, A, N, iBJd iHiliharjaa, s . K , , J , Xnd* soc* Soi l Sc i . 
14, 319, 1966. 
21. Thiaaaon, f * A,, 2 . Blaktxoehaai, 46, 675, 1942* 
40 
22* K9rr« H, i.»« J . Aet. iSoc. Agron. 20# 309* 1926, 
2 3 . V«isdlow« A. ir,« s o i l G c i . 33* 9 5 , X932* 
24. Qmpoa, s . t..« J . €m, Ch«ffi* (I^SK) * 3, U4* 1933. 
25. Kri«hn«iaoorthy« C,« Davis, L , S. and Oi^i^traot* H„« 
Scionoa i08# 439, 1946., 
26. Davis, I,. :U, J . Colloid Gci. &, 71, i9S0. 
af. Cug^snheicsf '"• A^*« PCOG. i^y. Soc. (l,on<Soii) 1&3, 203, 1944. 
2&» Krishnaisoorthy, C. anu Cv^aXBti^ Qt, H,, 3ol l i d . 6&, 307, 
l i49 . 
29. Krishnaiaoorthy, C. Ph.D. thasia . C1956. 
30. Lieblg, G. F, ana Kailay, u. P . . Cation oxcbanga in no i l s , 
R^inhold, Ho^ Vork, 194S. 
31. RanoloS, A., ^^lloia Baihaffo, 43, 1, 193S* 
32. Barxar, R. I^ :. and Falocn^r, J . , Pcoc. Roy* Ooo* lionac»i# 
A. 236, 227, 1956. 
33. Bailay, G* K. and iliita* J , L. , J . Arjcic. '^ood Ch^m* 12, 324, 
1964. 
34. MaoSwan, D, H, c . . Trans* Faraday 3oc* 44, 349, 1946. 
35. MeAtaa, J . L* . Clays and Clay Mnarals, 10, 1S3, 1962. 
36. Allavay, w. H* and OitHbart, F. u,, J« Amir* Carmio Soc. 
30, 137, 1947* 
37. Handrielca, s* B., a . Phys. Colloid Chan, 46, 6S, 1941. 
36, Friasal, M* J . , Varslag i,an<Sbouifk. Ondaraoak 76, 3, 1961. 
39. Siadnofil, F* and Gottliab, D . , Phytopathol. 41, 420, 19S1. 
40. O o t t U ^ , D. and Sininoff, P . , iMd, 42, 91, 1952, 
41 . MarUn, M. md Gottliab, O., i b i d . 42, 294, 1952. 
42 . >iartin, M. and O o t t l i ^ , D., ibid, 45, 407, 1955* 
41 
43 , B«nexo£t# H.« J . rhys* Ch«B. 19, 383# 2915. 
44 . B«il«y« G« K., mxtm, J . L. and RotHb«ry, T. , .'^oll ^ d . 
Soc. Ain^r. Proc. 33« 222. 1968, 
45« Telbsirt. a . 3 . CSR^ I t latehal l* G. H., Maads. 13« 4S« 19SS. 
46. H<9Glaii»3ry, » . O. and Sli£«« £« VC,« (iMds 14. 237« 1965. 
47. mdacmon, 0 . H.« <7. Colloid Intor£ac, S d . 25« 174, 1967. 
46. H«eht« A. ^«* Diq^ot* K. and Ducros. P . , Bul l . Soc. Franca 
Hln. Crlat. 69, 6 , 1966. 
49. Fcaad, V. H.« Vamatti , J . and l<;ontgoflBary, H.« Pcoc. v*. Waad 
Control Conf. 19« 21# 1962. 
50. Frawtdllch, K., Colloid ond Capillary ChaouLstry, iiondon. 
Hathun, 1926. 
51 . Kipling, «7. J.« Adsorption from solutiona o£ non«al3Ctxtilyt«a« 
p. 21S, Londonr ^cadamlc praas, 1965. 
52. Bacha, &• K. and Kill iwia, E. C , J , Soi l Q d . , 22, 2&9, 1971. 
53 . Van Bladal, R« axtd iforaala, A., Soi l S d . soo. /^oar. Proc. 
38, 244, 1974. 
54 . Kuatar, F. W., Annalan. 283, 36« 1894. 
55. Boadaekar, C. J . , Landwirtachaft. 7, 48, 1859. 
56. MeBain, J . w.« Tha aorption of gaaaa and vapours by sol ida, 
Roittiadgw, London, p . 4, 1932. 
57 . Ruaaai^. l . J . and Praaoott, a . A., J . Agri. S d . 6, 65 , 1916. 
58 . Kurts, L. T. Oaturk, B. E. and Bray, A. H.« So i l S d . 61 , 
111, 1946. 
59. liov, P* r . and Black, C. A . . So i l S d . 70, 373, 1950. 
6 0 . Biqg%r» J . w. and Chaung, M. M,. Soil 3 d . soc . Aai^r. Pcoc. 
3 | , 863, 1973. 
6 1 . Van Bladal, R. and Moraala, A.« J . Soi l s d . 28, 93, 1977. 
42 
S2. L«R9RUir« 1,0 J . Mmt, Ch^n. Soc. 3S# 222X (1913). 
6 3. Cison, R, 3 . anii V.at«nal9 « F. s.« Soil Sci* Soc# Aner* 
Psoe. 2U U4, 19S7. 
64, Ad«fHsci)# A. w,« Physical Chasdatry ot aurfacas, l^ aw York, 
intaescldnca* I960* 
5S. Gragg, 3 , J« , Tha atir£aca diQirlsiiry o£ solids* 2nd md» 
nmt Vork, Rainboia. 1961. 
65 . Hayword, O. 0 . ana Trarnoil« ^^ * ^* ^^^ <^oE3iaocptic^« 
2nd «d. i*as ilcgtcn* Buttorwcrths* 1^4. 
67, StiapiCD* Am E. ana Friad, h,. Soil s c i . Soc. Amtr, Prcc* 
23, 195« 19S9. 
68 . Gunery* D,, J . Soil S d . 2l# 72, 197o. 
69* Hingaton, ff. J , , /vtkinaon, R* J . , oanor, A* H« ana CiairK« 
J . £ ,« Int* Congr. Soil Sci* Trans* 9th (Auat.) 1# 669, 1969. 
70* Cola* C. v . , Claan, %• a . and acot t , C« O*, Soil Sci* 3oc, 
Anar. PTOC* 17, 352* 1953. 
71* Singhal J* I • an3 Sinyh* C. P . , J . Agrio. rood Chorc. 24, 
307* 1976, 
72. Hsu, P, H, ani Hannia* O. ^ . , Can, J . Soil sci* 42* 1^7, 1962 
^^' P^i^,Ma^vi6YoetW.Yt,HvlVe SoC( PUv,t ^^^t^'w^^Ms^to 
'^^u^\z Nid-^ L-ii^ ^ AAxiie>w<t Pve-U^  N-\ P.i|8, |c^ 67. 
^S- R^k>,,-I.Ca.v,),Sv/enS>,3-K., ^oidSci. U^ ,5S^ , n7?. 
^ -^ R^4e>,,3-C., Sv,eYS,lK.a!^ f^^cUuxj^^i. |^ .^  T Soil ^ l .5S, 6I, )S77-
76. syars* J* K.* Bcotman, M. G., smillia* C w. and CoMy* R. B.* 
Soil s e i , Soc, Asi«r, S'coe* 37, 356, 1973, 
43 
60. Bninttusr, a.« EMn«tt« P. H. and Toller, S . , J . Nmr, Chem. 
Soc. 60« 309^ 1938. 
e i . ettmau^r* 3 . , Doming, L» S*, D@rKtno« ij. S« end TaXlex^ * s:.# 
J* Amir. Cham* Soc. 62« 1723« 1940. 
62. ^olaon, a. A. end HendrlcKs. e . S . , Sol i Gci, S6« 2eS« 194S. 
C3. Dyal, a. 8 . and K«iidricK9» 3 . B. , s o i l a c t . 69* 421, 1950. 
84, r.artin# H« T.« Firoc. &tD ^atl* Con£« Clays and clay Hii}3ral9* 
I?®cgaiQan Prasss. li^ oi York« p« 1024 1960. 
65. Crchlatcn, li. l^., Jol l s c l . 79, 71, 19S5. 
BS>* JurinaH, J . J . end Volinan, D. H., ao i l S d . &3« 467, 1957. 
87. Vanturallo, O. and Gho, A. K., Gazzatta, 89, 1191, 19&9* 
ee , Ventur^llo, C, and Gha, A . H . , ibid, 90, 1236, I960. 
69. Gi los , C. n«« MaeSw«n, 7 . H,, t^ aKhwa, s . i .^ and Cndth, o«, 
J . Chan. aoc. 3973, I960. 
90. Gi les , C. :l. , Ci&ith, o . and liuiison, A.. J . Colloid 
XntarCaca Gci. 47, 755, 1974. 
9 1 . Kitoar, J. d . , Mi>?r. Min^ralog. 51, 1657, 1966, 
92 . Graanland, o . a . , Laby, M, M. and Quirk, J , P . , Trans. 
Faraday Soo. 56, 629, 1962. 
9 3 . Singhal, J . P. and Kunar, o . , Claya and clay Mn ^rala, 24, 
122, 1976. 
94 . SMi^, M. A. and ruaak, J . r . , J , A«ar« Chan. Soc. 66, 229, 
1946. 
95 . Singhal, J . 9» and Kuaar, o . . Soi l Sel> 121, 156, 1976« 
96 . Oainaa, 0 . L. mad Thomaa, H. c.« J . Fhys« Cham. 21, 714, 
1971. 
97. juaudalottt, H«, Van Biadal, a . . Bolt, c , H. and Pago, A. L . , 
Xraiw. Faraday Soc. 64, 1477, 1966. 
44 
96« 6«it« R* O0, SoiX Sei* ^>c, aneir, f*coe« 33, 37, 1$$9* 
99. Om*t, it. o . ans KXdb*, t^ * Gt* CXQI« «na cxty fanariiX*, 
X9, 3XX, 197X* 
XOO* V«Bi BXati^ X, H, asid i^su^Xout, H., SoiX SdL., X04, X34, 
19S7. 
XOX* Kartin, H* atisl ^au$^Xout, H., J . C^si, P h ^ , XO&S, X963. 
X02. Vanaant, E* F, ana l^ttairtioavaD, w. B, , CXa^ md CXay 
i^naraXs, 2Q, 47, X972* 
X03. Sio%haX, J# P#, Singh, «• P. ana Kumar, D,, CoXXoid, 
PoXy. S d ^ , 263, i39, X975. 
X04. SinghaX, «?« P«, end Singh, cU P. , J« SoXX Sci», 24, 27X, 
X973. 
X05* SinghaX, ^ , t . . Singh, R. P , , Singh, C, l% and Ci;i|ifea, 
G. K,, J . So4X S d . 27, i . 1976. 
XOS. slnghaX, i7. P«, Khan, SapiiuxXah and BansaX, O. P . , J . 
Xnosg. f^ ucX. Chafe, 3S, 229&, X979. 
X07. JurinaH, J« J . and Baisar, K., soiX Bci . Soe. Amar. Proe* 
20, ^ S , X9&6. 
108. Biggar, «7^  K, and Chaung, H. ii?«, SoiX Se i . Soc. immr, 
PCCM:. 37, 663, i973. 
X09. MiXXa, A. C. and Siggar, J . W., J . GoXX. Sci«, 29, 73o, 
X969. 
XXO. WiXhaXny, L . , Pogg. Ann. iX, 4X3, 499, X8S0. 
XXX. Maroeurt, A . V* and laaon, tr., s>xoe. lioy. Soe. (London), 
X4, 470, X86S. 
XX2. Haroourt, A. v . and laaon, K., PhiX. Trana. X57, XX7, 
Xi67. 
XX3. oiiX4b«i^ C. it. and Maaga, P . , "Studaa aurX#a affinitaa 
oiiiMii uaa*, Br giar and ehriat ia , chriatiania (oaXo), X867. 
45 
114. iKitch«n«r, J . A.« '*Zon ExcHang* H**!!)*", M«thiMn« Lonaem. 
Ch. 4, 1957. 
l i s . Boyd, G, E«« Aa«R»on« A. w, and My^ ra* L* s** J« Amir. 
Chttlli. Soe. S9, 2396« 1947 • 
116» Koglnsky, S« S. and Za^vich* J«« Acta Physicham (USSR). 
1» SS4, 1934. 
117. liow, h. J . D,, Chans, aav. So, 2S7, I960. 
118. Taylor* G. A. erd Thon« ^«» •T. Ae^r. Chan. Sec. 74« 
4169, 19&2. 
119. moaie , F, 3 . and S^ttlamoysr, A. C , J . Colloid Zntarfaea 
S e i . , 24, 464, 1967. 
120. Kingman, h\ E. T., Trans. Faraday Soc. 26, 269, 1932. 
121* Fava, A. and Eyrlng, H., J . Phys. Cham. 6o, 6lifO, 1956. 
122. Lindstroin, F. T. , Hac|Ue, K. and Coabow, w.^  J . Phya. 
Chan. 74, 495, 1970« 
123. Ha«^rj, K. A. F. , Can, J . Plant Sc i . 46, 537, 1966, 
124. Hau, s . C. and Dotigh, X. c , , J . Taiwan Agr. Haa. 13, 
36, 1964. 
125. Hau, S. C. and Dough, T. c , i b i d . , 10, 47, 1961. 
126. Malak, R. B, mA Snollk, J . P . , Plant Dia. nap. 59, 144, 
197i. 
127. TiHMar, L. W., Plant Dia. ^ p . 56, 683, 1974. 
126. K«i4al, a. M. and Powall, C. C , Plant Ola. Rap. 58, 911^ 
1974. 
129. Ovaikliaon, G. 3 . , Pxoc. Kawaaaland Kaod Paat Control 
eeniaf«A«a« 29, 31, 1976. 
130. HorUand, M. H., Adv. Agcon. 22, 75, 197ol • 
131. Grin, A. B., Clay Minaralo^y. Kaw York, NaOraw Hi l l , 1968. 
46 
132. HaadU S* B« and iMbsr, J . B«« s o l i 3ei* 3oc« Amar. 
Proc* 33* 379« 1969. 
133. H«nc»« R, J.« C«n. J . Soi l Sci«» 49, 3&7« 1969. 
134. c^x^olend, D, J . SolX FerUXiear* 2&^  415, l ^ S , 
135. 3od«nh«in»r, K. and Hailar* L.« Xaraal J . Cham. 6, 
307, 19S8. 
136. BaiXey# c . %<, and i^Mta. J» *J.# KasitJua Ravlaw 32# 2S, 
1970. 
137. Thang, 0» i:« G.« GraanXand* O. «7. and kjulrk« J . IP.« CXay 
Fdn^raX. 7,1; 1967, 
138. HortXand, r., »• and 8arka« K«« Trara. £tli Znt* Ccng* 
SolX Sc i . 3, 433, 1964. 
139. KcAtaa, «7. L«, Amar. rdnaraX. 44, 1230, 1959. 
140. Swoboda, A, R, and Kvtnssa, c . t:.. Clays and CXay tUnaraXa, 
13, 277, 1964. 
141. EutaaX, HI, D«, Crua, M. X. and ifhita, J . L. , J . /i^^rio* 
Food Cham. X6, 21, 1966• 
142. CruB, H, I,, whita, J . i,« and ^uaaal, J . D . , ZaraaX J , 
Ch9a, 6 , 315, 1968, 
143. Farmar, V. €• and MortXand, M. M», J» Phya. Chan, 69, 
663, 1965. 
144. Famar, v . c . ana i^ortXand, H, M., J , Cham. Soc* 344, 1966. 
145. MortXand, M. M., CXay l-dnaraX. 6, X43, X966. 
146. MortXand, M. K. and Maaglitt, K. F . , J . Agric. Food Chan. 
14, 126, 1966. 
147. Fazaiar, v . c , and AhXriaia, V. JU,, SoiX Sol . soc« Aaiar. 
Fxoe. 33, 254, X969. 
X46. Naotwan, D. M. C«, Trana. Faraday. Soe. 44, 349, X948. 
47 
149, Jordan* J« v;», HooH« is. J , and FinaXyson, C. h . , J , 
Phys. Ctian. S4« 1199« 1950. 
ISO* Cow«n# C, T* and white* £>•• 7rana» Faraday Soc* 54, d91# 
1956. 
151. Brlndley* n . K. ^nd ThcMitrson, T. D.« Clay ^sinJral• 
6« 345, 196d, 
159. 7alii3Udaan, C , rrana. Faraday Goc. 61 , 562, 1965, 
153* £^cldr»n, A. D.« Fataraon, G, H« and Barabad, 2 , , Soi l 
Sci* ^ c . Pin^r. t r e e . 22, 239, 1956* 
1E4, fa'^ar, J . E . , Clay Aiii^ r^  hiniralog. 51, 1657, 1936, 
155. iumon, £>• I. . , Plaoitr Physiol . 24, 1, 1949. 
156. Bal lal , D. K. and Kathu, U» P . , XnOian J . ivgcon, 3, 
354, 1561. 
157. Christonaan, P. D., Toth, s . J . and &ear, F. E . . Soi l 
Sol* Soc. AfD3r» Proc. 15, 279, 1950. 
Ccppsir dithiocaibasiata* 
jyv^Lli* ^ t4trirr«tric nnathoa fior tha ostis^aticuo of 
Oxw^vl eaaidu@3 in oeo^a and soi ls* 
4h 
Xn view cf I t s q u a i l t i ' 3 , Oyanyl (nxsthyl l.*,L*«»Jici8thyl-K 
(nathyl carbamDyX* oxy}*l-tniooxair4,iniaata) (Blochairlcala Oapartmant/ 
BxparluBntal s t a t i o n , E, I , Cu Pont de Kanours £. Co» Inc . lilraington 
L2alawara» b.s.A.) a nawly forrulatad r^roduct* l a finding wlda 
appl ica t ion as a bzoad spactrusi x^aiticide £or tba o i faot iva cx>ntsvl 
of namatodes and oth r p l s i t pasta in s o i l s , and as a f o l i a r spray^. 
h g©3 chroicato^rajvhlc icathod for i t s ootimetion hoa r j c m t l y b©8n 
rapor t id by Kolt and Paaso • Ko publiohad data l a , ho.avar, 
ava l lab la en i t s aj:9ctrorhotom3tric ana lys i s , i'or a atudy of thg 
mo^^chanisir. of adsorption and in t e rac t ion of OxaryX vjith claya 
durinc; th^Si studiaa i t waa ccnsldar?d nacessary t o devalop a 
aiffiple, accurate and raproducibla trathod for tha astititatlon of 
OxairyX avoiding axiansiva chamlcal ins tnunantat ion• ilanca t h i s 
atudy was undartaKan. Tha a t ruc tura of tha ooinpouand <CHJ-K > 
O O 
II II 
C O C M H O - C - KHCH, l a to . I n d l c a t l v j of t h a r r a s a n c of SCM^ 3 
eaibamoyl «nd thlooxaniinddato a s func t iona l g roups . Bacausa o f 
tha r a l a t l va cJiami a l IneTtnaas of i t s functional groups, quant i -
t a t i v a analysis o l t h i s nainatoclda l a d i f f i c u l t . 
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Our Investigations r3v««lad that when oxairyl WM subjected 
to hydrolysis, Ita product* gave « precipitate with CS. and Cu^ "*", 
w.ilch produced an intense brownish tt^llow colour in imsiecible 
organic aoivmte . 
Thu elm o£ tii is work was« th3refore# to ^itopoae a sonsltive« 
accurate and re;. roducilJla ns-thod £or tho ruentltatlve eatlr-ation 
ot the chairical in aqueous r>olutiona down to a few |.art9 par 
r l lXicn, Crtinua ccn-litlons necessary for tha Ji:?ctro;hctoiB»tric 
cnalysis hav3 bean investigated through a stuay of the reaction 
variables involved. The method i s e>qpectet2 to bo special ly use£til 
for f i e ld use or in araas where icore modam analytic^d instrun^n-
tation la not availeiole. 
ALgARATUgi Spactrophotometric measureinanta were made with 
Bausch and Lowto •i.ectrcr.ic '20* spactrofhoton^ter and i;H with 
Sl ioo pH HMster Rodel i^l-lo. 
Rg^gHTSt The cheinicala used in th i s study were o£ BOH analytic 
ea l grade* Solution used %«ere prepared as followsi 
g^tfttfifft 9»«^Yi ffflVUqff* Was pr«»pai.ed by dissolving 25 mg of 
oxamyl in water «id diluting to 1 l i t r e with r e d i s t i l l e d water, 
Bj i jg WPPar t9iVU<W- A solution of 0 .2 g copper sulphate 
pentahyurate and 20 g aRuioniUM acetate in 30 ml d i s t i l l e d water 
so 
was rlswd with 2S ml o£ 40% soditun hydzoxlda and 20 ml o£ 
arwnonliiai hydJDoxide. The voluRsa was roada up t o 100 isl with 
d l a t l i l a d watar* 
gqifto i^l „^auiph^daf i^omtlQi^t 5% In banaEana. 
Potaaalmn hydroxtdf t 10% In d i s t i l lad water , 
A^Qtifff ,yci,^t 30% in d i s t i l l e d water. 
i3^v?t^^ ,lntar£arina...49nf I A-iwaous solut ions of Ra"'*, Ca*-"**, F.g^*, 
P@^*, Al^*, 2n^*, i^ ^**", Kl^*, co^l , c r , fto", so J"*, ace t i c acid, 
iienssoic acid and dic^croni a lcohol ic solut ions of fyrldir.a, 
diphanylaiQlno» irDthylajmina# trlaisthylaniina, nsniagcn, talona-j ond 
casbon te t rachlor ide* acetaldahyda &n<l iratliyl alec hoi as suchj 
were usad £or Int^rfe i^nce a tud l a s . 
I^roce^urat For preparat ion of a calibrGtion curve iov t h i s 
purpo3e# standard condit ions w^re adjusted as discussed under 
Results md mscussicn o£ tOiis chapter . o«l t c 2.0 ml of 2S ug 
per ml solut ion of oxaroyl ware refltuced with 5 ml of 10% potass!UBI 
hydroxide so lu t i c^ for lo min, in re fluxing f lasks f i t t e d with 
oondwiser over a water b a t h . The osntants wer^ allowed t o oool« 
shaken with 1 IDI of ba s i c copi^ir solut ion and 10 ml of S% carbon 
disulphide solut ion in each ease tor 2 ndn.* and then t rans fe r red 
to separat ing funnels. The refluxed l iqu ids were then shak«n 
with 1 iUL of 30% a c e t i c acid for 1 min.. kept for lo min. to 
allow for fu l l developiMMit of colour and the coloured bensene 
l aye r e iu ted . AbsolbancMi was recorded v s . a r e i^en t blank a t 
SI 
43S RBI ovar • rvif i of O to SO ug in th« olutad l«yar. Tho 
results ar« rooordad in r ig . 1. 
iissta«T3 mD macQssim 
SFfqritMi.-CUUVfSt Absocption apactra «tara raoordad In the pH 
rctfiga 10.0*10«S» Ths absoxbanca maxliiiiaB occtircad at 43^ tm* 
Thd results ax^ rsoortftid in tabla 1« Fig. 2* cunraa 1*4• 
J££gS3LS£Jf^i&SiiS» ff«<fg^ 9f tff* 7h« a££oet o£ pH en 
abaoxbanca was oxaisslaad. Kaxisium abao^aoca oeeurrad at i^ 20. 
Tharaaftar tha colour lotanaity beeaiRa indapan^^unt o£ pM, A pH 
irt tbo tmn^ 10«0-lo*& waa# thacafor, cdtoaao £or a l l lurthar 
work, Tim raaulta ara giv«n i» table Zl, Fig. 3» 
i^ f y^ ant•..c»ncaMatyai4f}fyI h aarias o£ testa showed that the majclBrun 
colour davalopa»nt occurred at 0.4 lel o£ cvttoan diaulphida par 
So ^ o£ oxaayl and further conoentratio&s o£ carbon disulphide 
had ho e££eot on colour intensity. A siodlar study on the e££ect 
of other reagent ooncentrati<NMi ahowed an optiawHi raguiraoiant o£ 
O.S Kl of I X l/cThi cu^^ and 1 sil of 2S1& aanoniuai hyd«»}dde 
reapeeti¥ely ier Baxiaiun colour davelof^Rant. The rasulcs are 
reoDVded in tables XZ, and ziz , Fig, 4, curves 1-3, 
attflMfff i f n i i i a l Kdmatr* ^ « erdar of addition of reaganta 
waa without effaet on eelour intenaity. 
f f^eet of tinai MaxiMM development and atability of colour was 
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FIQ.^' EFFECT OFpH ON COLOUR iNTFNSfTY* 
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52-
1 hour •• shown in FIQ. 5, Th«rtt«£t«r turbidity iqpi>«i«x«d* Thm 
tmvtXf am QII^A in tal»l« XZ. 
9yfiByI cp^^:«ntga^gfti ttm eaUbratlon curva obeyed fi««r*9 law 
in the ranga O to So ug of oxaalpl par lo nl o£ baeaana aa ahown 
in Fig, l» The molor absorptivity o£ tha colour waa 2.7 x 10 
at 435 tmm 
PRsciSi^ l^?! f^ caprodttcibiiity atuay o£ a aari^s o£ tan aoiutiona, 
with aach aariaa containing 25 ug and 50 ag oC oxasi^l eiapactivaly* 
using 1 en call* gainst arithanitic ffiaan# atandard daviation and 
ralativa atandard daviation aqual to 24«&5« o«i^ 2 and 3»3S9& 
r^spactivaly «id £o*3« 0.56 and l . l iX rasj^acti^tmly. Tha results 
ara shown in t ^ l a ZV» 
R^^ifayy aici^r^i^^^f i Tha e£ficiancy or sppUcability o£ tha 
procadura £or tha datansination of oxanyl raai^ias in a variety 
of aai^las was tsstad by adding known anounta of tha no^aatoeida 
to 10 g of powdarad or Miahad untraatad sanplas. 
Tha raoovariaa wara eonductad by axtraetion of t ^ forti-
fied aaMplaa, Before extraetioo 10 « saatplea of soi la , witaat* 
potato and water were fortified with o# 20# 40 and loo ug of 
exeaqrl plu=>9 2i nl weter and aHetied to be in oontact for 12 
hours. At the end of thia period, the ne«atoeide wee extracted 
freai the aa^plee with 7S Ml of ethyl aeatate and water. The 
f i l trete wee heated on a watarbath to eviQ)orate ethyl acetate at 
4o*c and the aquaoua layer extreeted with 2S al of n*hexasMi to 
reaeve organic natter. The layer was than waahed with 4 nl of M 
0 
—®-
^ - 50/jg 
\ OF 
J OXAM YL 
20 40 60 60 
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FIG,Q- EFFECT OF REACTION TIME 
ON COLOUR INTENSITY* 
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VolURHi o l basic ooi^per solution «ddsd « 1»0 inl 
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Ainoimt of Oxm>yX tak«n « 50 ug 
Voluioo of basic copper solution addjd • 1*0 nX 
VolUH^ ot 5% CB "lo&neaanm solution addad « 10 ml 
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Amount o£ oxamyl t«)c«n m 50 ug 
Voluma o£ 5% CS.ob^eone solution oiddad • 10 ml 
III 1 1 1 
s f f a c t o f cx>pper s u l p h a t e 
V o l . o f 
10" ^ M 
CUSO^ 
0 . 0 5 
0 , 1 0 
0 . 1 5 
0 . 2 0 
0 . 2 S 
0 . 3 0 
0 . 4 0 
1 .00 













b a n c * 
a t 
435 nm 
0 . 1 1 
0 . 2 3 
0 . 3 4 
0 . 4 3 
0 . 5 1 
0 . 6 0 
0 . 6 0 
0 . 6 0 
• 
E f f o c t o f 
V o l . o f 
0.2% 
CU30. 
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0 . 2 
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0 . 0 6 
0 . 1 3 
0 . 2 0 
0 . 2 5 
0 . 3 1 
0 . 3 7 
0 . 5 0 
0 . 6 0 
0 . 6 0 
0 , 6 0 
Sft 
NaDH and lo nl o£ diloxofom to r«Mov« ooganie md othor 
iii^iiritl«9. tfm r9«idii«l «qti«oti^  ivy^r WMI tti«D r«£luji«d with 
lOK KOH and oxanyl aatlnatcd as AXrwady descrlbod* 
Th9 raoovsry atudy tmanlt^t obtainad at diffarant Xaval 
of £orti£leation co tcipllcata analysos aro givon in taioia V 
to V3I2« Bxovpt ia aaiico aodie soi l tits r oovary yields wars 
ovar eoi& £or £ortl£ications o£ 2 to lo {>pm a£t®r s oontsct of 
12 hours. A QCtaatar loss in caso of sodic soi l traa cltis to 
alkalinity '^Oildti had • tandancv t»? daooi^ pose oxaayi* Bv^ in 
this cass tha raeovary was 75% and ebovo. Thasa rosults indieatad 
assantially satisfsetocy x«covairias and the eppliceibility o£ tha 
iMithod £or Qstiiaation of oxaioyl rasidtias in various types o£ 
30ila« water and plant naterials* 
^HiyRF^aftft;^  isft^qp^t tti« results o£ an ^vastigation o£ th« 
•ffact of inorganic and organic ooai:ounds in solutions containing 
an svaraga of So.3 ug of oxawyl ara shown in tablo XX» Analysas 
of sguaous soluuons of oxanyl oontaiaing divarsa inorganic ions 
«id organic oos|)OUiids sliewsd that Hm*, K*, c«^^, Mg^\ Cl*« Ho^ « 
S04* * nanagoo* talstia* pyridins, diphanylasdna md trioiathyl. 
ainins did not intarisra. Oth«r iooa audi as Mi^ "*** Co^ '*', m^*, 
rm^^0 hl^* snd organic coa|)ounds such as diawroon. scatic acid, 
banaoic acid» awthyl alcohol* carbon tatraiilhlorido and aoatsl* 
dahyda in tha asounta addad did intarisra. tho tolsraooa 
limit was eonsidsrad aa thst giving a dsviation lass than thrss 
standard dairiation. 
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Volume of basic oopp .<r sulphato solution addsd « 1*0 ml 
VoltBce o£ S% (^^"hmizsaiQ solution adisd « 10 ml 
An30\mt of OKwnyl ta%cm«2S ug /^ iBount of oxamyl t&lcen « So ug 
absosbanc9 ct ug of oxamyl absorbance at v^ of oxamyl 
43S xm found 43S no found 
0.31 25»0 0.60 SO.O 
0.31 25.0 0.61 51.0 
0.32 26.0 0.60 50.0 
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*itottdlng £or half dilution 
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^•ight of swiipla t«l(«n « 10 g 
VoXune of basic copper so l t t ion addod « 1*0 ir.! 
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o f Cxa- racovery 
tayl rcK 
oovacad 
i n ua 
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0 . 6 0 . 3 
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racovarod 
i n ug 
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0 . 0 
0 . 0 
19.0 














^Uiading for liali di lut ion. 
•o 
VoluflMi o£ baalo ooppor soiution ada«d • I ml 
Voluraa o£ 5% CS^ b^aDzMD* solution atkSed • 10 lal 
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*fUi«ding for half dilution. 
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Weight o f w«t«ir saiaple takmi « 10 g 
Volund o f b a s i c cxtppar so lut ion sddsd « 1*0 ml 
Volumo o£ CS^o^bonssns so lu t ion s<Mad « 10 ml 
Ainount o f AbsorbancM a t Aoount of Average rooovary 
OxaiRyl added i n 43S nm Oxamyl r s -
ug covsrsd in 
ug 
O 0.000 0 ,0 
O 0*000 0 . 0 0 . 0 
0 0.000 0 . 0 
20 0 .200 15 «7 
20 0 .235 19.3 16.4 
20 0 .235 19 .3 
•iM iiwa mmtmmmmmmmmmmmmmmmmmmmmmimimmMmMmmmmmmmmmmMmt^tm^^mmm i—iwiwuiii up—iiwiPM>«w»ww—i»—iWwiiM .i iw ani • i •m.iii \mimtmmmmmmiMmMimmmmmmmmmmmmmmm 
40 0 .495 39.7 
40 0 .485 39.0 39.2 
40 0.485 39.0 
100 0.590* 9 7 . 3 
100 0 .590 9 7 . 3 9 7 . 3 
100 0.590 9 7 . 3 
«Raadifig for half d i l u t i o n . 
• a 
1, Timmt, h* U*t Plmt Di», »mp, 56# e£3# 1974. 
2. ttoit« R, F« and F«8s«« H. L . , ^. A^ric. rood* Omn^ 
24, as 3* 197«. 
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ija^gltmictJiggtctt Qt i\ grawic iopt«fpa owinli 
Aioount odE oxnmyl taHan • 50 ug 
Voltana o i b.:sio copper sulphata solution addadi « 1,0 cd 
Voluma o£ £% Ci^-beRzan* solution afidad •> 10 ml 
XnocQ«nie ion 
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<?HAIFTgR,- I* PART r II 
A TITRIMgTHIC ICTHOD FOR EST1M.\TI0K OF fSTH^ K* ,K'DI>SETH ,^ 
Bacause o£ the ralativa ch::^ sslcaX inartnass of the ir 
functional ucoupa« e-jtlm&'tlon of oomflex peatlcldds Is dllflcuXt 
and ofton Involves sotcm exj^onslve chamlcal Inatruirentatlon. 
r'iQthyl V*t £J*-aiin thyl-K-[(iRathyl caxbamoyl)^ oxyj •l-thlooxaml-
inldat« (oxaisyl) l o a pwer£ul bcoadi spactruin p^stlcld«. I t s 
structure la (CH^ -ti-o-C • KO-c-l-HCtU. Oas chronjatogriqphlc 
methods &>r the Qstlmatlon of I t s residues In crops ware reported 
1 2 
by Holt and Pease i and Broirllow . The methods were a p p l l c ^ l e 
for only "^^  ranges of oxamyl conc^itratlon wid could not be 
used where the pest ic ide or I t s residues were oontamlnatad i^ i^th 
aqueous traces* Singhal« Khan and ^ansal reported a spectso-
photometric nethod for i t s ifuantltatlve est lnation In crops and 
s o i l s • 
The aim cf the present investigations was to proj^ose a 
s inple and reporducible method for the quantitative estintdtion 
of oxaiqrl residues in crops anid s o i l s ir aqueous solutions w ich 
ifould el»viate the necessity of s p e d a l l xed analytical instnxmen-
tat ien «n<S which oould be used in presentee of a greater nunber of 
variables* high'ar ranges of ooncentration and during the oourse 
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o£ prassnt atudlcs but in absonca of other pasticidas fehich 
hydrolys9d r«X«Milng ir^thylangina or dLroctbylamine. 
Investigations in these Ic^xtretorioe revealed that on 
hydrolysis oxaro^ gave a brown precipitate with eaiibon d isul-
phide and a basic solution o£ copper sulphate. The reaction 
provided a clue for volumetric estimation c£ the cth'^ inical by 
•EDTA" t i trat ion c£ excess oopp >r l a f t unoon3UiR*5d. The following 













ODCCHi) NH+CSj + i-Cu'%N% 
• ^ 
S-Culi 
SCC^CHj +NH4+ Nq H. 
S7 
All ch^^nlcaXs usddl In th i s study ware o£ ^ tM analytical 
grade* Tha soXution used vare prepared aa foXlowst 
Q^ W<'^ y<?t,ffXJT'Yl f<?IVUC^« Prepared by dissolving loO mg of 
oxaniyl in tt^ ater diluted to 1 l i t r e with d i s t i l l e d water. 
CoDpay aolutioaga Fr«>ar9d by dissolving 4.95 > of CuSO.,S HO 
ir w<itar diluted to 1 l i t r e with d i s t i l l e d water. 
£fitiM4¥P nY<tireaa<li« iO% m d i s t i l l e d water. 
gPTA eoltttieiyt J^QQ standardised with standard Ca^t.solution, 
Byffey (PH 3.S) s^lut^Qnt Prepared by mixing 0.2M CH^ COOH and 
0.2M CH^ OOOKa in (9 * I) ra t io . 
^«;a,t,yndylaep)-2.papthol(PA») Indicator! 1% in methyl alcohol 
gftVrWl Mi 4gUff l tg in^' Aqueous solutions o£ ^m*, K*, Cm^*, 
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Mg**, F«^*, Al^*, Zn^*, m^*, K l ^ \ Co^*, Mo^*. Cl", KO^, SoJ"", 
acst io acid^ boirlc acid* ohloroacatlc acid, ursa. racithylainlna 
and phosphaiBidonf alcoholic solution* o£ dibsoinoctaoropcopanai 
l,3*dlchlozop»>p0n« and trlmethylairlna. 
£Egfit§jjr§! For praparation of calibration curva 0 ,1 tc 2S,0 nO. 
sam^'lss of IcO ug p^r nd solution of oxemyl wer® refluyed with 
10 nd of lOvi vxjn sclutlon tor IS minutaa. Tha cont^ats war® 
thar. shaken ^.ith 5 Bd c£ 0,02iN copper aulphata solution, 1 nd 
of CS. end 1 ml of ainnonla solution (259^), f l l tared and tha 
pr?clpltat9 washad with watar. Tha f l l t r a t a waa than t i trated 
with 0.0021? "EDTh* solution using l«>(2»pyndylaK>)-2-naphthol 
iPMi) Indicator and a buffer of pH 3 .5 , This yielded tha ainount 
of copper l 3 i t In tha solution. Froe thn ainount of copper 
consumad for precipitation of oxamyl the anount of oxairyl %^aa 
calculated from the relationship 
219 M (V. - V ) 100 
Walght of oxwayl m • •• ' ' '• mg per loo g 
saepla, where K m molar concentration of iSDTA, V. « voluma of 
s 
SI^A used with saB^le and V^^ with blank, and w • weif^^t of sample. 
ReaeirerY fyp^rin^tt Reoovary experimants were done a s deseribed 
in Pert X of th i s chapter, 
sT^ ffY 9f ,Hfmkw m^mim 
Ver a study of the r jaetion nechsnisn and I t s oonfimte-
tlon thin layer ehrosMtc graphy and infrared speetiosoopy were 
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ua«d. For th is i:.uxpostt 10 erl o£ 100 ug pmt BH solution of 
oxamyl was rafluxsd with lo ml of 10% KOH solution for 15 
tninutes in a refluxing £l«sk with condmiamr over a ^eter bath 
to hydcolyso the pesticida and than allowad to cool . 
For th i s pur|.03a soma clean glass p lates (20x20 cud wara 
talc«ffi ona ooatad r i th s i l i c a gal slurry to a thicl<nes3 of OaSmna 
with thg help of TLC applicator. Pr^par^ platas ware then 
allowed to (iry at room tanparature. Two linaqi^at 3 and 13 cm 
abov® tha base ware scribed so that the stc^ndard davalOjb mant 
di'Stance of 10 cm was used on a l l the p l a t e s . Then the r^fluxad 
product ^QB (9{»pli9d es a spot with a irictopipatte on these 
platas at a height of 3 cm froR) tha base* The loaded plates 
were then developed with butalpl • acet ic acid •¥ water (4<*>l45) 
isy ascending chroma toy rasihy in t a l l narrow glass tanks cov:red 
with ground glass l i d s upto the upper l i n e . The developed plates 
wara air driad at room tanperature ar d detected by sprayingo.02% 
ninhydrin solution in ehlorofom. The R^  value of the products 
were then detesmined by the relaticmshipt 
where R^  was the t a i l i n g front and l^ the leading front. 
Refluxed l iquid was shaken with CS.« basic ooi^per solu-
tion and bansene in a s«v)erato£y funnel and the layers were 
70 
89paratod. the aqueous layer was d d e d at xoois tc^nparaturs* 
A thin £iXm o£ dried sample in nuzol was then prepared end i;as 
subjected to in€ra»red analyaia ovsr a Perkin-Einsr s a i r^ratlng 
infrared apectrophotoiRetsr, The results ere givgia in Fig, 6 . 
Refluxed liqi2id was shal^ usn with CS.* basic co|;^ i:3^ sulphate 
solution and b^^sene in a saporatory funnel and the I r ^ r s were 
separated* The aqueous layer was again rafiluxed with HCl. In 
t h i s refluxed l iquid spots teats were ^ n e uith dinitroihenyl 
hydrazine* sodium nitroprusside and indole which gave a yellowish 
ppt, rod colour and v i o l e t colour raopoctively indiccting the 






























































Th<9 t l tJf iostric tnsthod pCoix>sad as opove was suitable 
for estimation of oxamyl as confirmed by the following studiest 
Reppodiacibliitvi A raixsrducibllity study of a S3ri 3 of ten 
solutions containing 1000 ug end 2500 ug of oxe^yl re^ect ively# 
^ave aritim^tic m-;^ !* standard daviation and cx>dfflciaDt of 
variation e<|ual to 997, &«o and o*8o% rospectivsly in tha caa« 
of tha f i r s t ooncsntraticm and 24b9, 13.3 and 0*53^ respactively 
m the case of the sotxnd concentration. The results are giv^:i 
m table X. 
Recovery» Th© results of recovery exporinonts are glvep in 
tables XZ to XXV, "She average recoveruvaried fror. 65.7 to 
101.0%. The results were nearly the saire as reported in the 
3 
ease of the speotcophotometrlc ns-ithod • 
IntlgftrflPgt fgfgfitg* Ion» l ike Ka*. K*, Ca^*, Mg^*, f:©^*, 
CI , M>y S0T*r organic ooinpounds such as pyridine, diphenyl<-
•mine, bensaldehyde, trimethylamine, acataldehyde and pest ic ides 
such as urea, dibxoraochloropxopane end l,3->di<;^loropxopene in 
quantit iss more than 5 tlBws that of oxamyl did not i n t s r ^ r « . 
Ions such as Ki^*, Co , Zn^*, Wm^*, Al**t organic cton^ poirnds 
l ike ao«tie acid, <^loroacetle a d d , m<>U)ylamlne, borie acid, 
methyl aloehol, carbon tetrachloride and pest ic ides such as 
phosphani4ton and thess which hydrolyaed to ye i ld methylamlne or 
72 
Concentration o£ oopp^r solution usad « 0*02N 
Concentration o£ EUTh solution used • o.02t: 
Voluma o£ coppar suljhats solution «ddad • &.0 IDX 
Aifiount o£ oxaniyl 
lOOOug 
taKoffi 
Vol , of EOTA UQ of oxamyl 






















Aroount of oy«nyl talc^a 
2500 ug 
Vol . o f BDTA 
























Weight o£ s o i l sansplQ taH^n log 
Ccn«.€tfitraticn o£ coi-i.^t suiphata solutlcjn ussc; m 0.C02 r 
Concontrctlcn of uzfl^h solut ion uc©d • 0.0021: 



















V o l . o f 
used in 
ml 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 9 
0 . 0 9 
0 . 0 5 
0 . 1 9 
o.is 
0 . i 6 
0 . 3 8 
0 . 4 6 
0 . 3 6 
Ln« ao(J^^ s o i l 
.'mount 
o f o x a -
myl fo-" 
und i n 
ug 
0 . 0 
0 . 0 
1 .5 
2 0 . 0 
2 0 . 0 
1 2 . 0 
4 0 . 0 
3 4 . 0 
3 4 . 0 
6 0 . 0 
1 0 0 . 0 
6 0 . 0 
Average 
r e c o v e r y 
0 . 5 
1 7 . 3 
3 6 , 0 
fcS.T 
B lack c o t t o n a o i l 
Vol . o f 
Ei TA 
tasad i n 
im 
O.Ol 
0 . 0 0 
0 . 0 0 
0 . 0 9 
0 . 0 6 
0 . 0 6 
0 . 1 9 
0 . 1 6 
0 . 1 9 
0 . 3 8 
0 . 3 8 





i n ug 
1 .5 
0 . 0 
0 . 0 
2 0 . 0 
1 5 . 0 
1 7 . 0 
4 0 . 0 
3 4 . 0 
4 0 . 0 
8 0 . 0 
8 0 . 0 
lOOJ© 
Avarage 
r o c o v a r y 
0 . 5 
1 7 . 3 
3 8 . 0 
8 6 . 7 
74 
T4tn"wtric eatimaUon of Qx«giylJ?Y SPT^ vglnq Pm an indlca-
Waight o^ sanpla take « 10 Q 
Concha trat lor » c f ooppa] 
Concefltitretion o f EDTA 
t so lu t ion 
so lu t ion 






























o . i t 
O.iS 
O.M 






0 . 0 
1.5 


















m 0 .002 i: 
• 0 .002 t^ 
m 5 .0 na 
Wheat 
Vol . o f Amount 
EDTA of 
used oxamyl 
in ml foxmd 
in ug 













0 , 0 















9 3 . 3 
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Concentration of ooppar solution used • 0»002fJ 
Concentration o£ EDTA solution used « 0.0021? 

















Vol .o f 
&OTA 
usad 
i n ml 
0 .01 
0 . 0 1 































i e . 7 
36.0 
9 3 . 3 
W^tar 
Vol .o f 
SDTA 
usad 
i n ml 

















0 . 0 
0 . 0 












0 . 0 
20.0 
36.0 
9 3 . 3 
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4n tg f^fCffia XtfiYtff gn^ gQ^atota . fey y?CQytffY,.aanMgtgsiBtg • 
{^alght o£ 8afnpl« taH«i m 10 g 
Conc^itration o£ ooiper solution U3«d « 0«002t' 
Conc«ntratlon of BOTA solution us9d m o*002K 

















, 7cb«eeo lAsvas 
Vo l .o f 
JDTA 
usad 
i n ml 
0 . 0 0 
0 . 0 2 
0 .02 
0 .09 































Vol . o f 
uaad 


















i n ug 
1.5 
















9 3 . 3 
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TAB|,E » r^ 
ntai^^rtff aaMffttUofi,gg,.9?ty?Yt frYJ^^,tfa4ng.l!M?,ftt iff<?4ctl»g 
Anount o£ Oxamyl t«k«m • looo ug 
Concantration cf corper solution used « O*002 F 
Concsaitration o£ £IDTA aolution usod » 0*002 iz 
VoliUBO o£ cO£rpor ^>l.ution used m &,o ml. 











A l ' * 








Amount o£ i n o r -
ganic ion o r 
organic compound 



















Voluma o f 
2DTA 
usad 
i n ml 
4.55 
4.56 













Amount of Oxanyl 





























A e o t l o «ei<l 900 
Mathy&aBdD* 2$ SOO 
H««liyX a looho l 7S.000 
1*2 dibcono«3« S«000 
eliiecopiopano 
1« 3»dlchloi|^rop«n« 7,000 
ChlofD«e«tle aoid 10»0CX> 
Borle «cid 2«S00 
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dinttthviamin® Oia Int^ttmrm, The toXeranco lintlt for the 
Inorganic ions with tha sens afnovnt of oxwnyl waa ifloro than 
thrao standard deviations. The tol-^ranca l imit £or acdtic acid 
was Soo ug« tor bcric acid 2Soo ug« for chloxoacatic a d d 10*000 ug 
for ffi3thyl alcohol 75«000 ug, for cartoon tetrachloride 30*000 ug and 
for phosphomii^n 'SsO ug «d,th loOO ug ot oxasnyl. ^ 3 tol3r«riC3 
l i c d t was conaidmrad as that giving a deviation l e s s than 3 standard 
dsviat ions . The results ara c i^ven in table KV. 
The fact that reaction itec^anisn. as reported obove 
did occur was ccn£ira«d by the thin layer chromitography aid 
infrared studies . ChroroatocrafRs gave Rp values o£ 0.37 and 0.42 
respectively indicating prosenca of methylamine and dimethylandne 
in refluxed l iquids • formation of product(IZ) was ccrfirmed 
by infrared spectroscopy and spot te^t at a l y s i s . The infrared 
spectra of oxamyi shov.od peaks at 1670 caT < >CX) group of wrdde), 
1680 esT^ (C«*i gxov^)« 338o csT^ (K-H stretching), 1440 CBT^ 
(M-CHj giov^), 1S6S esT^ (KH bending). 1220 cnT^ (C-l? stretching), 
740 OBT (3-CHJ group) and 65o orT^ (c-3) groiap) , The infrared 
spectra of product(ZZ) showed psaks at 1710 csT^ ( > 00 group of 
eazboxylie group .C-OH), 1685 caT^ (C^*0H or oxine group), 
740 o T * (s«CHj group) and 6S0 CHT* (C-S group) . There were no 
peaks at 338o caT^, IMS CKT^, 1440 osT* and 1220 csT^. These 
indicated the absence of t^-CH., K'-M. C-K groups from the product 
formed. Ho ever« as shown above* C-s and 3-CHj groups persisted 
eo 
In t^« product (ZZ) . The poss ib i l i t y of tha pras«nc9 o£ tho 
dsgradaticMa product (Z) was ruXad out ij>y tha absanca of two bands 
bayond 1690 cnT*. Posi t ive spot tasts of aldehyda in acid 
rafluxad product of (XZ) pointad to tha prasanea of oxiint (alt^ OH) 
g r o ^ . Thisa ob^arvationa oonfincad the formation of product (XI) 
with a s ingle caiA>oxylic group. 
1 . Holt, a, F, and Paasa, "• L . , J . Agrlc, Food Cham, 24, 2S3# 
1976, 
2 . Oroicilow, R. H,, The /malyst. 101« 962, 1976 
3 . Singhal, J . P , , Khan, 3 . U. and Banaal, O. P«, J, Agric. 
Food Cham. 25, 377, 1977. 
4 . L'ramnar, <S» f.. and Kantan, a. H., uioaiandcal J . 49, 651, 
1951. 
5 . Ballaiay, L. J . , "Tha infrared spactra of coffiplax inoleculas** 
2nd ad. , ^*ethu^, i.*oncion, 1956, pp. 143. 
5 . Charonis, t>. o . , Konslo, A. R, and Ma, T. s . "Technique 
of orgaxiic chemistry**, ^'dcro and Semimicro methods, Vo.Vl, 
Zntareeienca Pubiishars IKC., Kew York, 1954, i-p. 464. 

hi 
atya^Bs OK rm ADBcmTioi* of oxi^ im. KITH ACID /ago jAai aiTU> 
^na £ato and t^ahnvlour o£ ^3»tlcidQ« in s o l i i s « tO}ic 
of incrQGsiRQ i£^porte»03^. Tt^ <^«^4.eal lati^  biodagraOaUcn o€ 
patt ic idal di9iric< Is in soi ls* th^ '^ >as9 o£ the ir oo^ a^r^ snt and 
plant avai labi l i ty ani thoir par'slatanc© dap^id iqpoK aowsral 
f cctxsrs i!30"t ot wtiidH aj^ airact ly or indiract ly affQct®d by ths 
natus^ o€ th^ic adsorption cjntd dosorption on s o i l co l l o ids . i;biie 
tha ititaracticsi and odsoiption o£ i o r i c pest ic idas on clay 
siir£ac®s has Jbecm asetansivaly studiad* ra lat ivs ly l o s s ti^rlt has 
bsan rsportad <») the r^acticm michanisB) o£ non i o i i c pesticidas 
on ^si l colloitJs* ftT. organic ehaaiical may ba adsoxS>ad <m a clay 
Qur£cca by icn mtdnsag®, pxotonation« hydxogan bonding* ooordina-
tioni» ion dipolti intaraction* v«m d^r Kaois £orcas* c^arga trartsfer 
and othjr £orcas» 
^ 
Oxwayl (iNithyl h*, ^*-diB»athyl-N(mathyl carbamoyl,oxy)-l-
thiooxasEiitiddata)« a tonmilation o£ tha Biochatnicela i^apartmant 
S.Z.Ou Pont de ^amours m:d co«Znc«v.ilfningtx>n# Dalm«aro, U.S.A. 
i s a rac^otly introducad broad spactrur pastioida for tha affaetiva 
control o£ naieatodas and othar plant p-^sts in s o i l s and as a foliar 
9ptmTr» Tha main obj ?ctiva of tha prasomt *K>rk i s to invastigata 
tha sachw^issi o l adscrptioo and intaractic^ o£ oxamyl ««ith acid 
mna baa# saturatad sontinorillonitas in d i l t^ d a y tiatar suapansiona. 
Zt ia bisliavad that auch a study wil l ba of fundat^ntal as wall as 
praotioal u t i l i t y . 
62 
Tha clay trineral used In th<?s« Inwttigatlons we« 
bante&lt® ecd d^telnesd ££oa *Akli.* i s Rajeathan^ InOia, I t «ias 
brok«i up In a trortor using rubber cov^rsd pastla. 'Xtie oJDganic 
nattar waa osdUisad id>t^  hydioten pazoyida and tha crlxturt 
diluted «.'ith d is t i l led watar. Thm clay was than diaparsad by 
aloetrieal Qtirriog. tti^ sunpaPsion obtainad »a9 i esaad through 
aheata o£ whatccen f i l t er pir, :r ^ittad in tha bowl o£ Xntacnstional 
Chaodcal C3ntiri&iga at a apaad of 35oo rpm to r^rove any ooarsa 
laattar* x-ray diffraction imd oth r atudloa ravaalad that the 
tnain o^nstituirvt o£ this bantonit^ was tne»itnt>riil(»nlta* 
PR5PARAYXCK OF mpxvh. .mJ-^mi^.tmTmi^hWt^iT&t 
Tha < 2 Uclay auspansion waa than traated with sodium 
chlorida ^d diluta HCl t i l l tha ooncwitration o£ the s«q>as\ atartt 
was 211 with raap^ct to sodiW! chlorida end o.va with raap^et to 
HCl. Tha mixtura waa ahalcan for hal£ an hour a£tar lAiidi tha 
suparnatant acid^aolt solution was ranrovad £roRi tha clay by dacan-
tation, itia clay was a^ain ti^atad with sa l t solution^ 8hak«ui 
for hal£ an hour and frsod of aupacnatant liquid, t t was than 
washad with o is t i l lad watar t i l l the clay disparsad and t i l l tha 
conductivity of tha suspansion was oi tha saii« ordar as that of 
dist l l lad watar and t i l l the clay bacana fraa of chlorida ions. 
Th« suspansioo was than atoxad in glasswara and usad whan raquiirad. 
63 
To obtain the caieiuan saturated nxtntinorlXicMilta, tim 
soditiBk clay sU3j^ «nsioti warn aaturatad with a saturated ooXutlon 
of calciun dUorlde* The clay BuapanBicn was washed thoxoughly 
with diatil led t'ater t i l l £rae from chloride iona and t i l l the 
conductance o£ the f i l trate was o£ thj seuse ordar aa that of 
d i f i t i l l e d t&at^r* 
Hydrogsn saturated inc»itinorillonite was freshly pr^ared 
by Aidrich and Budianan's method in which the suspensicm was 
passed throU'^ h a colunan ot H-lSowese-^i^xe cation exchango raain 
at a speed ot 3 ml per ininute t i l l tha pH and conductenca o£ the 
suspensii^ b >cci^ constant. 
The oonoentmion o£ each o£ the suspexisicms used for 
experintonts were detemdned by evaporating U> nl of each of the 
susp«isions in petii di. lies of known wei^t and drying the residue 
at loS^C and finally determining the weight of the residue* 
The cation excdtange capacity of the clay was determined 
by Ganguli's met lod. 
e« 
MaMSaBHS^t Saturat«di «oluticm o£ potMsium c^iorida^Btmnd&t:^ 
solution of KOH ana H-nontnorillonit*. 
££SC^urj|t A 3[5 nl o£ H-iPontinosiilonits stympensic^ tfaa tx^at@d 
f$ith 25 crl o£ •Gtumtdd solution o£ rotasiiun diloridd* Aftor 
ahoKing tha &\mpm'^Bi&a vem kapt oV3cnight« and the hytliDg«»i 
iona liberat«d# nani titratad %.lth 9tandei7d ^ci! solution. '^hQ 
CBC itfas tbesQ caiculctoa fzom tha smount o£ KOH ctsquirea tx> 
nautraXi39 tha acidity. Itie C£C was o£ B.incmtmosiilor4ito waa 
found to l»a 72 mmq pac loog clay. 
OxiffDyl «>a9 dataendned liy Dinghai at al« laathod • 
j^acarft^t Boneana* eacbon diaultlda* lotttt'^iuin hydxoxida* ooppar 
sulfate and aosMWila. 
girpea^ugi^ i For astiBLatid of OXMB/1 in clay suspanaica:) 1 nl of 
sup<)anatm3t t>fas ra luarad vjith S fH of 10% potassitnR hydxDicida 
solution £or 10 Bdnutas in a rafluxing flask fittad i th 
eondansar ovar a watar bath, itia con tan t s vmtm allowad to cool* 
ahakan with 1 ml of baaic ooppar solution and 10 nl of 5% earb^i 
distilfida solution for 2 mlnutas. Aftar lo rinutas tho oolourad 
Oansana layar was olutad and i t s absotbanoa r»coxdad Va a raagant 
blank at 4Sft nn on Bauaoh and Lonb's spactror.ie 20. A standard 
curva t-a thm ranga 0»50 og in lo stl bansana layar vas •arliar 
6S 
praparod a» givon in ^'ig.lof P«rt 2* Chapt«ir Z o£ this thesis. 
The airount o£ oxtunyi tudsorbsd was oi^talrtad txom tha airxjunt of 
oxaeiyi adiad nsijaus tha oxanr^ X ramaining in tha sti^xnatflnts* 
Invcistigations vara £irst R««d« to 4at©fininQ the a££act o£ 
tirie* on aclaorpticm by tha nemtmorillonite 9ur£aca at tHO di£-
£ar«ffit c0Qc^ tfiitr< tiona* For i t 10 ml o£ tha clay susponsiona in 
thair hydcogan, aodiwti ^ d calcium iotmm were t<ik«r. in several 
glass stopr^^^ tubes and ware ti^ated with S«o and IS.o ml o£ 
oxiMi^ yl (&XX> UQ/B)!) and tha volvnne made upto 25 ml with dist i l led 
water. The sasiiJlaa i^^e Kept in contact £or 3# 6# 9# 24« 27, 3o. 
33, 4bi, S4« 72 hours with continuous shaking in «a electrical 
shaker. The siixtures wees than o»ntriiuged «ad oxamyl in the 
supeznatcnts was astisiatad as already deaerlbad. The ai^ ount o£ 
oxaiRyl adaoxbed at different intervals o£ time was than obtained 
from the esaount of oxamyl added ndnus the oxanyl renaining in tha 
supaxnatwts* ihe results are given in tables XVZ to XVZZZ, 
2^ig. 7 , 
sy»jaf<?T py pH <^ AviggrTio'^ 9^ fnwiYk » Y #-> y t - m^ c» -
For the investigation of the effect of pR, 10 ml of the 
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at tim pK valutts 2, 4« 6* 1, 6 , 10 and 12 adjusted with O l^NKCl 
or 0«1N tiaOH wains taHdn in saveral glaaa atppp^nad ti:d!>aa and 
traatad with 5.0 end 15.0 ml ot oxamyi (5000 ug/fiO.) and th« 
volvma mada U{:to 25 tni with d i s t i l l e d wat»r« Tha inlxturaa wara 
3h<nk«n £or 30 hours at 25 ^ 1**C and than cantrifugad. Tha oxanyl 
m tha 8up3nJ©tant3 was astiisatad ea already dascribad* Tha 
account o£ oxaR^l adao£t>ad at di££airant pH valuaa was then dbtainsKl 
£roffi tha acount o£ oxaiDyl addad ednua rainalnlng in tha 3i;^ma» 
tanta* xh^ ra^ult* era racordod in taulas XXX to XK2, Wig, e« 
Adsorption o:?FQriic3nt3 w^ta conducted by taking 10 ml of 
•{he appsepriata mcaituronilonita suspansicma in a large nundbor o£ 
glasa atos:^9rad tubaa and adding varicua aoount o£ standard 
oxamyl aolutlon (O to 15 nl of SoOO ug/ml ooneisntratic^) and 
making up tha voluna to 25 ml with d i s t i l lad watar. Aftar 
shaking for 30 hours at 2 5 ^ l^C tha suspansions wara eantrifugad 
and oxsRiyl m tha a^paxnatants was aatimatad as alraady dascribad 
Tha rasults ara racordad in tablas XXXZ to XXXV. Adsocptlon 
isotharni wara plottad b^twaan aquiiibriun concomtration of 
suspansia«i and miolaa of oxanyl aJso^ad pmt 100 g aiontRorillonita 
( r ig , 9« curvas 1-3) • 
For tha daaorptiMi axpariinanta 10 ml of aach of tha Hm, 



























1.0 2.0 3.0 40 5.0 . 6.0 7.0 d.O 9.0 
m motes of oxamylper liter in equilibrium suspension 
FIG.S' ADSORPTfON or OXAMYL ON H-,Na- AND Co-
MONTMORILLON/reS. 





























in glaaa atopj^ tifrdd tubos. Than II ml o£ stanaard oxitfByl solution 
(5000 ug/nl} whidi oorrotifpondsa to oiaxlmum ftdsoiption was «da«d 
in each casd* tb the contcifugates of tho oompleras totimA & ml 
o€ 0«Ui KCl ana o.U' BaCl. raspoctivaly vera addad and the volunta 
o i Pixtures adjusted to 25 wX v«.-ith d i s t i l l a d water. Tha san^los 
w-ara aaaK€0:k for 30 ^ura and the^ otfitrlfugad. Tha oxomyl in 
supernatant tiaa (^tinsatad Q» already daacribed* Tho raaulto o£ 
oxemyi daaocbad arrs givan in ta)»lQ8 KKV to XKVll. 
For x-ray axacdnotioo tha H-, Ba» and Ci^ « saturated 
icontinonilonita auapanaicna vara i^lacad on glass alldaa ar.d 
allo«ad to dry at room tac^^aratura to £ocm wall ori@ntod layara. 
Tha saonFles wara tXvm atibjectad to n-ray axafcin tion as givan 
balow. For the se>ra> axamlnetion o£ tha ox«Byl*-rt»)tmorillemita 
ooaplaxas 20 na o£ aech of vu-, Um- and Ca** aaturatad clay aus* 
panaiooa i^ ara taKan in 250 aO. glaas ato^parad pyrax £laalcs and 
0.0« S.o and IS.o nl of atandard o^amyl aoluti<»i (S g par l i tra) 
waa addad in aac^ eaaa* Tha fnixturaa wara adju.^tad to oonatant 
voliMRa (50 ml) with d i s t i l l a d watar and shakan aa givan in eaaa 
of adsorption axpocimants. Tha mixturaa wara than ovitrifugad 
and tha auapaRsion l iquid daeantad off* Each oxwiiyl^elay 
ccMq;.lax pracipitata was th«n suspandad in 25 ml d ia t i l l ad watar 
and ahakan to form a homosHUiaous clay suspanaic^a* Tha oo89>lax 
eontalning •uapanalons i#«r» th«fi e«rtt£ully oci«iit9d on 
sticxoglM* •3Lid«s £or le^ rtty •Ttandnation. Hi* ie»r«y 
p«tt«xn» ttaro thon cacordtd CNR e G«ner«l Bloetde 3£RC6 
di£fraetion unit using £ i l t trod CtiK radiation and nielcal 
fo i l as a f i l t er . Tha 3c»ray t^ fisa was oparatad at 3SRV and 
20 mh vith a ira<»iving a l i t o£ 0.2 vm, acarming apaed 
0.4 dagtm9B 20 par ininuta «Qd a chart •p996 GOO tm par 
hour* K»ray diffraction patterns aa obtainad £or tha 
diffarant clay 8aer!|,ie9 ora glvtfi in rig» i o . Tha dif£rao> 
tograsv vara intaspratad with tha halp o£ ASIK * Card 
Koa. 9-343« 9*334, 13*39, 20-359 o£ tha a»>ray data £ i U . 
Tha basal apaclngs at ool raflactions and intansitioa o£ 
tha 3»»ray paaka ara givan in tabla XXVXIZ. Tha abbravi* 
ationa uaad and tha intwuiitiaa aatiaietad hava baan 
«x pcttsaad by ti^ following lattara in tha tti?la Sfstct^ig) # 
MdBBdiun and ifdiaali) • 
Zn£rarad Analysia 
i«y^a>i!? mmr^i^ 
for infrarad analysis* 20 ml of »-# M*. and Ca» 
i&ontaorillonita auapMisions «nd auapacaiona of thair 
oxastyl oo8|;»laaias at a point of nrnxXmrn adsorption vara 
takan* Thay iians airoporatad on polythana ahaats to 
font aa l ' aups^orting thin filsw. 
tha filais vara aountad in aaB|>la holdara and 
tha infrarad apactra raoordad on taeksMtfrn Iiu.20 doiA>la 
0 96 
10 9 6 7 6 5 4 10 9 6 7 6 
2 6 
r / u . l O - K-RAY DIFFRACTOGRAMS OF{lJ H-MON) QVfN DRY 
(?)H MONf 'OXAMYL COMPLEX/ ( 3} H - MONf. - OXAMVl 
COMPLBK ll(i,iNo~MONr.OVEN DRY (5) Na-M'^'IT- • 
OKAMYL COMPLEX I (6 JNa-MONl, OXAMYL .^LL\'S 
i'J) Ca MONT OVFN DRY ibj Ca-MONt- 0^ . COMP iK ! 
(y, ^mr -oxAMYL COMPLEX ii 
68A 
b««in gr«Ung •p«etxophoton«ter in th« rmglaa 4000-
400 caT^. 7ti9 VMUltt •«« giv«ii in 7ig, 11 «ad 
t«bi« xxxx. Ttkm i&>hKmriG,tXm9 U9«d «i<l th« iiit«n«i> 
t i«s •atiaatad •gainst th« absexption bands •!« 
danotod toy thm £olloifing lettars in tha tables« 
B m bcoad« sh • shasp* V3 • vary atxong* S »strcng, 
» • mm^mu w • vaa)c« W • vary iraak* 
Tha adsoxption o£ oxanyl by acid and basa 
•aturatad iBontaK>rillonitas was found to incraaaa with 
tiR^ up to an intarvai o£ X hours a£tar which i t 
baeaiba oonstmt* AppUeation of sia^la kinatic rata 
laws and ealeulatlon of tha rata oonatanta at diffa* 
rant tiisa intarvals as wall • • diffarant ooncontrationa 
gava vaiuas (tablaa XVX to XVZXZ) which indieatad 
that tha adsorption raaetion was of f i rs t ordait* 
Tha t. valuaa for tha adsorption of tha pastidda 
iaeraaaad with an incraaaa in i t s oonaetration 
whiah auggaatad a raduetion in tha rata of raaetion 
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at tggtctf<aj?Y Btf* 
Cc^contxarion o£ c lay ausponsion 
Vcltsns of <£lay suapanaicn takan 
sti^angth o£ oxamyl aolution 
Total voXuBMi o£ niixtura 
i na o£ aupacnetant diluted to 
l&«24g par l i t z « 
10.0 ml 













ffi.GBOlaa pH of Vol. o£ 




















?^x>vnt o£ oxamyl 
adso]±>odt in m. 
nolas par loog 
c lay . 























































































iwSiitlf 1II ^ w 
Concentration et d a y suapansion 
Voluffio ot o l ey suapensicoi takon 
Strangth oil oxanyl aoxution 
Total voluina o£ mixtura 
1 c4 o£ at^acnatant d i l u t e d to 
14 • 109 par l i t r a 
10.0 n l 
S9 per l i tr ia 
25 ml 
100 n l 








0 , 0 
£1.5 
244.5 
pH o£ Vol . o£ iU>80xbanco 
auspon- d l lu tad a t 435 n c 







/jaount o£ oxamyl 
« i 3 C £ b ^ i n in. 
Gioloa p^r l^ DOg 
d a y 
0 . 0 
£•1 
27 .1 
0 . 0 
5 . 0 
15.0 
0 . 0 
5 . 0 
15.0 
0 . 0 
61 ,5 
244.5 





10 0 .000 
2 0 .165 
1 0 .275 
10 0 .000 
2 0 .145 
1 0 .231 
0 . 0 
20*4 
50 .7 
0 . 0 
32*6 
t 7 . 0 
0 . 0 
5 . 0 
15.0 
0 . 0 
5 . 0 
15.0 
0 . 0 
61.6 
244.5 
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^Of 9¥Pt4<»».Qf .OXMPyl.W.. filyiaVf? ..f flS^Mil^ . iQOtHCAllcnitM. M 
Conc«ntratlon 
BiUQ^a^M^xM* 
o f c l a y auap^sicm 
Volwna o£ cl«c^ s u s p ^ s i o n taken 
Strtfigth ot oxamyl so lu t ion 
Total voluine o£ mixtunt 
1 iBl o£ aupamatant d i lutad to 
















0 . 0 
5 .0 
15.0 
0 . 0 
5 .0 
15.0 











0 . 0 
75.5 
325.5 






0 . 0 
75.5 
226.5 













Vol . o f 























m i l . l 2 g par l l t r a 
m 10.0 enl 
«• 5g per 
• 35 tal 
m 100 ml 
Absodsanca 






















l i t M 
Amount of oxanyl 
attaotbed i n m. 
laoles par loo g 
c l a y 
0 . 0 
10.1 
25 .1 
0 . 0 
19.0 




0 . 0 
26 .4 
73 .3 
0 . 0 
22.6 









ConcentrAtioo o f olay ausp^ciaioo 
Volmm o£ e l e y 3U«p«D8ioii takici 
Strength o f oxaryl so lu t ion 
7bt« l i»Qlvmi« o£ fsixtura 
1 ml o£ s t ^ s m a t a n t d i lu tad t o 
«dd4id oxonyl 
i n oa 
0 . 0 
























































• 15.249 par U t r a 
• lO.O IBl 
• 2S sa a 
= 25 wt 
=. locm^ 
iiffiount o f 
oxanyl i n 
«q[iaiUbcittB 
auapacaion 
par l i t r a 
0 . 0 0 
0.1& 
0 . 3 3 






£ . 0 2 
5 .33 
6 . 3 9 
7 .91 
6.67 
<^  p^r tittm 
Acotait o f 
oxanyl a ^ 
aoxbad i n 
at.nolaa par 
lOOQ o la^ . 
0 . 0 
4 .S 







6 2 . 4 







i n Bl 
0 . 0 
0 . 5 
1.0 










U , 0 
CoRc«}tjratio» o£ c i t y aixp^nsion • I,4«i09 p«r l l t r » 
VoiyB« o£ d a y attiKp«D3l<»a takt^ 
Str«n9th o£ oxamyl s o l u t i o n 
Totftl noXwa* o£ odxtisM 










6 5 . 2 
61 .5 
U 4 . 1 
14ft .7 
1ft 3 .O 
19S.ft 
3 0 t . 2 
224.5 
Vol .o£ 
a i i u t w i 















^ s o t b o n a i 















• 10.0 $a 
m Sg par U t r a 
« 25 Bl 
• 100 ttl 
oxasiyX i n 
•quiXibrliiB 
•uapanalon 
l^ar U t r a 
0 . 0 0 
0 . 1 5 














aozbad i n 
K.Molaa par 
loog c l a y 
0 . 0 
5 . 4 













tm^M,. .3o i^Y 
Coneflntration o f e i « y susp^Qsion 
Voimn* o£ cXay auai onsion tiik«ii 
stXiwagth of oauuByi s o l u t i o o 
Total voli»99 o£ Rdxttim 
1 na of supernatant d i lu ted to 
• 1 5 . l a g PQff l i t e v 
m 10«0 SdL 
• Sg i.0jp Xlt£^ 
• 3S ml 
m 100 ml 
Vol* o£ m«raolQS Vol . o£ lybso^anc^ 
oxanyl o£ dilutees a t 435 nm 
added 16 oxarayl S ^ 9 X B « » 
ffil t i j i t 
OiO 













0 . 0 
7 .5 









































































6 0 . 4 




Via* 6 lllii»trftt«« th« influflfictt o£ pH on adaocp*-
tlon of oxMiyl by H», »•»• «nd C»»aioiitffOKillonitM* Thm 
•d«o£ptioii iner^esas v^to a ^ valtt* o£ 6 «nd thaje««£t9r 
d«ellii««* TIM px vttlu* o£ oxamyl in dlatlllttd tiator • • 
d«t9mln«d by olectrleal oonductl'vlty miasu£«B«Dta ! • 6.2« 
I t s pot^itioBQtelo titraUoo with o.ooUi HCl md o«OOlls 
R4tf)H shows that the p a s t l d ^ bshavss as on aB|>hoIit« with 
pKj and pKjj of 4 sRd 8 raspacUv«ly (Fig. 12). in tha 
v idi i i ty o£ pK (6.2) tha adtsorption raachas laaxlaun m 
axpactad. Xt 4^paara that at pH values lowar than 6, a* 
oxanyl and ovar pH 6, Na^oxamyl isay ba Coeiisd by intaraction 
with H"^  (fxomo.u: HCl) and Ka^  (from o.lR KaDH) ions with 
thosa spdcias baing not adsosbibla on acid or basa aatiaratad 
montnorillonitaa* Thia pcopoaal i s auppoct^ by iaaoxption 
atudias (tal^la XXV to XXVXZ). ZQ tha obsanca o£ ocMnpati-
tion £coB H'*' or Na'*' iona at s^ 6, a diract assoeiatioii o£ 
tha elay •ue£mQ9 pxobi^ly o^wra giving naxiimm aisoiptioa. 
Sucdi an a££aet haa baan notiead by Singhal and Singh in tha 
aaaa o£ adaorption o£ "i:^ siacrois' on acid and basa aaturatad 
smitnorilionitas • 
An axaniaation o£ tha adsoxption iaothanns in the aquili-
briiM ooncsntration raaga o£ o to 10 nsnolaa of oxanyl par l i t sa 
at 2S*C indieataa that tha iaethana (rig. 9 eurvaa 1 to 3) ara 
1 
-no.o 
_,. •^~ ' 4 
t.O 
2.0 
i _ _ i ™J — J I 
5.0 3 0 10 0 1.0 3.0 5 0 
Amount of HCI \Amouni oi NaOH 
added(ml) .adJtU (ml) 
ylO.lZ V/,)RfAr{ON Of pH 0URIN3 
N^ hRAUZl 'ON OF OX^.MVL 
B} AN ACID ')R ALKALI 
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7 
slinlXar to c lass "L" as dafinod by Gilss ttt al . Theirs ar« also 
8oii!« IntX&xXona followed by a l lnoar portion* Ilia I n i t i a l 
convsx curvature in tha iaothixiisa indicates l^iat oxamyi maots no 
strcng ooaqpiatition ior adsorption s i t a s trom watar and thc.t i t s 
7 
molecules ara adsocbad in £lfit ori^vntaticn • Tha c^onga o£ 
alopa in a l l the isoth-jrnis are indicat ive o£ the saturation o£ 
adsori tiv® s i t o s in tha substrate* The l inear riao thereaCtar 
indicatas alow penetration o£ solute in the micropores t i l l they 
are £illcid up* Suc^ an e£f3Ct has b i^sn observed by other 
«forks»rs^ ** also* A greater «uiiount o£ oxamyl i s l^ytSsotbed by 
base saturated rcontinorillonit.is thioi the acid saturated irontfnori-
l l o n i t e end exce^jds the C3C in a l l cases* M^soration follows 
the order Ka^nont. > Ca->(&ont. > B»nont. 
The results o£ dosorptlon (tables XXV to XJ^ VZI) indicate 
that part o£ tha oxanyl adsoxbed on the acid and base saturated 
fncmtnorillor.ites can b® desoirbed by water or solutions o£ inorgmie 
s a l t s , "^ ucdi a behaviour i s indieativ«» o£ e i ther a phyaical 
•dson^tion o£ oxaniyl or aoiee Kind o i coordination o£ the pest ic ides 
with exchangeable eatic»^s on tha clay surface. 
Oxe»yl, . t i . c - c a i t o . c . M H CH. or 0 • c^ 
/ I ^ » 
^ 3 SCMj ^* 
is a nonionic neutral molecule which possesses a slight polarity 
at the nitxogens end oxygens of th > amide groups due to electro-
103 
Dff^rotioD o£ oxanvl fron ttoditip non^t^r^llenit* oxBtttvl ooaolax 
C«S€fi»iti:«tioii of clay suvpsDsion » 
VoXUKMi of ol«yM>xanyl o(»ipl.«3c 
C^icimtration of KCI or BaCl^ 
fbtal voitnoa of ndxtur* 














79 . • 
79 .« 
Vol. of Vol .of 
watar Kci 































of d i -
aupaP-
natant 
in a l 











100 e l 
Abaosbflcoo 






















1 l»^hl MU 
l?tfPffCUo>i fif oxfffYl, ffp».,>iy4f?9ffn .if>QPti>«cm«f}4£ft.oxffisvi 
Coiic«ntr«tion o£ clay 8Usp«nsion 
Voiune o£ d a y oxonyl oo»pX«x tak«n 



















volwna o£ rlxtuina 










































































Ccmoantration of cl«y suaponslcHQ 
VolvoM o£ clay oxttiayl eoiqplait t«K«ii 
ConcflDtTfttion o£ KCl orsaCl^ 
Total voluma o£ mixtuc* 
X ml of stjp®xndt«nt diluted to 
m 15,i2g p«r l i t r * 
• io*o » i 
• O.IK 
» 3S ml 





lax in »• 
iBolas par 
loog elay 


















































Absorbanc»i ftoount o£ 




















tmric and raaonenca e f f sc ta . Then^ nitdogona and oxygens of th& 
•ixddo gCDups fray thus interact «dth suitable apo-ta on the 
{Ront£»rilXor>itss* Xt apisaca tnat oxamyX i s aaaocba^ cm li-
{ti^ntinorllXaaite by protcnation on the edgaa and basal pl^ t^ ncs 
aa Colloids I 




H . . . O - f^^nt e . . (1) 
Tha oxygc»n o£ tha othor carbon yl group may also bo availobla 
for thQ ebovo Intaractlon tJwugh i t a react iv i ty «>ould ho Xeoa 
due to s t o r l c hlndrenco ofi tho nsathyl gsot^s. Furthor tho base 
saturated iQCMnttnorillonltas carry exchangeable cations \g^c(h 
provide eKcallont s i t e s £or linking ol: poler organic Roloculcja 
through a direct ccordlnatlon reaction * to the oxygen o& 
the oarboinyl as icllowst 
I^Ont® M® + Q mC(^ & 
R •> 
H . . . 0 at C 
® 
e K o n t ^ . . . ( 2 ) 
J 
Further the diseoeiation of water inoleculea in oontact with ex-
changeable n e t a l l i o catictfte bring about pn>ton formation ' ^ « 
the degree oC hydcolyais depending upon the poleriaing po%fer 
of the cmtitok , 
-I n't 
^(OHXHjO),^^ (n-l) . H ® . . (3) 
The protons released bind the oxeeiyl to the aRontnofillonite 
107 
surfaco by i or l c bcmding vid« (4)« th« quantity d«i«naing uxor. 
tha nature o£ tho cation'^ 
Mont^ L® <«20>j^j(C}OJ H"*^  • R -
KHCih 
F o n t ® fij® ( H - O ) ^ , ( C t T ) ! ft - c ^ 
CH 
iCH 3J 
• • • • • • 
( 4 > , 
wh®r« F. • t«* or Ca"*^ , Tha p o s s i b i l i t y o l ooorOlnatioii of the 
peaticida tdth ic^uriti^ja l ika F« at thi odgo surface o i tho 
clay i s also thara« 
Tha a«3orptior4 data (tables icyv to KKVII) indicatas th«t 
basidas dhandaorption sotna physical adsori^tion also occurs. Tha 
physical adsorption may occur through £orn!ation o£ hydrogan bcmda 
betwasn tha protonated molaculas on tha ndnarel sur£aca and tha 
neutral oxanyl tnolaculas* as postulated by Stutznemand Sif fart 














R R R 
I I I 
c c c. 
^ \ / / \ ^ \ 







Th« 8iMtXtafi«ous op«r«tion of eh«fidsorption* physical 
•daovptiofi and ponstrstion through nieioporss aeootmt for 
ratsntion of oxtmyl in oxesss of ths CSC on tha oiay surfaois* 
X-ray diffracti(»n analysis indicates basal •3i^ ;an8ion of 
0»31# 0*33 and o,S9 nm during intaraction of oatamyl with Hm, Ka» 
and C«»nont8orillonit^a r^spaotivaly, oonfisadng adsorption of 
oxamyl irith a f lat orientation, A larger basal astpansicm in easa 
of Ca»ia»}t3»orillonit« as ooaiparatS to H» or Ka-inontRorillonitas 
i s dua to th@r largar sisa of Ca^ "** ion ooiiparad i^ith H'^  or Km*, 
Tha propositions nada lybova find support ffoii; infrarad 
studias* A shift in froquaney fsom l$7o cn**^  to 1650 aB"^  
Ci« strata^ing and ifiGo esT^ to 1665 onT^ (C«i9 stratehing) during 
ooiRpl^xatioo of H^m^tnorillonita auggasts piotonatioo of 
earbonyl oxy^ ^m* Spaotral ahifts fcon 167o esT* to 1665 csT^ 
(C«o stratehing) and l6eo coT^ to 1690 osT^ (Cali strati^iing) 
during intaraction of M»» and Ca-nontoorlllonita with oxamyl 
support coordination of pasticida inolacttla to Urn* or Ca"*^  ion 
with oxygan of tha caiboiiyl* 
109 
i X v f l w S III ijiW?j ITt4ilt 
aidU 
ca t ion 
if 
t ra t lon i n n . 
nolQS par ioog 
c l a y 









Basal Type o£ oct^lax 
in nsB 
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1X3 
ff^yPI^Ea Oh THE AmomTliM.M,D IKTEaACtlON^Or OXAIfifLWIIH ACID 
^g^^>gi SftTV^TSg l4tfrfilS8> 
thiooxatciiRi idta (oxas^yi) la an^oouat the pOKer£uX peatlciJQs and 
i3 cftan us'jd iJor tir> contcol o£ nematodos in aolXs. Clay 
col loida era tha ISTO t raactlva portion of soi la* fravioua work 
OR this ini3raction o£ ox£Hr.yl trith clays I s scarea*. 'XtiQ binding 
o£ ot:gexiic chaH'i'.ala to d a y s greatly incraasas tlioir parsi3t«r.e» 
in thi so i l anvizie!no)<jot ana a££act8 ths ir transport* diag^iaaia 
and capacity tor hazardous ix>llution o£ the a^viconin<3nt* 'ih@ 
prasont att^y vaa 'lasignad to invastigata thg adaor^ tion . £ 
oxamyi on fl-, Ka-. and Ca-illit->3 uaing thts thaortticai approach 
of Van Biadal md Foraala aa wail as othor v?crkair» * with a 
vioiw tc £urth r^ ^luci ate tiio inachanidin o£ reacticna in^^clvaa. 
I t wa?^  oonsiaavad that auct) a atudy wi l l lead to a bettar undar-
atandins o£ ths behaviour of oxatryl in i H i t i c iK>ils« 
Hie clay mineral used Itx theae investiyaticma waa i l l i t e 
f i e * Morria* l l l i n o i a * U5A« i t waa bruken up in irortar ualng 
• rubber covered peatle* The organic matter vaa osdLdiced with 
hydrogen peroxide » d the inixtura diluted with d ia t i l l ad water* 
The clay waa than diaparaed by e l ec tr ica l s t i rr ing . The sua* 
peneioa obtained waa passed through ahaets of whatatanrt £ i l t e r 
paper f i t ted in the bowl o£ Zntecnational Chanical centrifuge 
at a speed o£ 3900 fpsi to remove any ooerse natter. 
l U 
Tha < 2u clay suspansion wa« then t r s tad «ith so^um 
chlorldo and di lu ta HCX t i l l th3 ccmcuntration os: th^ siapsjcns* 
tan t l lquia u-as 2^ ^;ith ruaspact to sodium chloride end o.lt: «i th 
rcsspsct to HCl* 'iho trlKtwr© «c8 a':a)raua £off half ari tmus e£tar 
%r>iich tho BVpomat&it ecid oal t solution i>;a3 irzt^VQ^ £ct;i3 cley 
by dacantatiOQ* Iho clay was again trcetdd with s a l t solution* 
3haH@n £or half m hour and £r3ad o£ supjmatant l iquid. I t was 
th&n t^ashod i^'ith d i s t i l l ad water t i l l tho clay diapsrsod or.d t i l l 
tha conductivity' o£ th3 susp^isicn was o£ tho 3ac:3 ordor as that 
of d ia t i l lod t.<ot3r and t i l l tao clay toocmtB Croo o£ chlosida icns^ 
Tha susp^sictia wore t-sn stored in glaoowere mOi vscd ^^hi&n 
raQtiirad* 
To obtain tha calcium saturatad i l l i t 9 tho acdiian clay 
susj^ iMfiaion was troatad with tho aaturatad solution o£ calcium 
chloride, Tho clay suapenaion was washad thoroughly with 
d i s t i l l ed water t i l l £rae txom chloride iona and t i l l the 
eonduetence o£ f i l t r a t e was o£ seire order as that o£ d i s t i l l ed 
water* 
Hydrogen saturated i l l i t e was freshly pret-aced by Aiaric^ 
and BughtfiavurL'a nethod icoir the suspensions by passing theoi 
thxtujhi a oolusn o£ H» Ooweic !>ovf~x& cation exchange resin a t 
1X5 
ft sp««di o£ 3 lal per rlnuta t i l l th3 pH and conauctancs o l tho 
suspfttisiona becoasa constant. 
Thd ccMQcmtration ol each o£ the ausp^nsions usod £or 
exp3rim@nts «eC9 datamlnad by avaporatlng lo r l o£ each of 
suspansion in patxi dish ot kno«ii» wai^ht and drying the raaidua 
at lo&^C end Cit.aXIy datartdning 1^3 freight of tha roaidua* 
crc W09 daterminad by Ganguli trathod as aXraady dasorib^d 
in Chsptar 22 o i th is t h j s i s . 
aur£aca araa waa datoriKinad by Hendricks and Dyal'a mathod^. 
viaighad aan^laa o£ !«»•* B- end C»» aaturatad i i l i t a a vara tak«m 
in aiuninltan boxaa o£ ktown waights, Tha aainplja vara aprayad 
avanly ovar tha bottcii4 o£ boxaa* Tha boxaa* without l i d wara 
piacsad in « daasicator ovar 2So gm of ^J>^» '^la aai^ X^^ a vara 
than driad to a eonatant iiaight. xhay war than wattad with 
athyXana gXyooX addad iron a pipatta dropwisa and warning. Tha 
mamjplm» wara than pXaead in a daasicator and aXXowad to st4und 
at looai tamparatura. Waights of tha aanpXa wara racordad aftar 
avary aixtaan houra land drying ccntinuad tiXX two aucoaasiva 
waighta agraad upto tanth of a miXigram. 
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sur£«09 nt^m was thoi caleulc t«a from ths «q[uatlcn« 
A • V. x 0.00031 * •'^ '^ '^ * '^ ^^ ^^ '^ ^ surface area in lo / g , v m 
woig^'t in grams o i giyooX retained by tho aaiipxaa* K • waight 
in graiRs o£ aaosplos or. E^ JOJ^  dried basis and 0.00031 the Dy^l 
llandricks value Icr tho oraics o£ glycol ctaqxain^ to £or. a saono* 
Icyar on GRB m oi. 5ur£acQ ar@e. ^ha riasults are ©ivgs^ ^ in 
tau lo KXX* 
The adsoct'tion Qxr-iiE i^Btents a t 25^ and &o^ C wero oc»i<iuctad 
oy ts^Jlng 10 trl. o i tha o|,p«oprt.st9 i l l i t e auipansion io a nu»&>«r 
of ^lesQ atopp-r«K3i tubas and adding varlc-us oroeunts ot standard 
cxajRyl solution (o to IS irl ot 2Soo ug/ml concentration) and 
raking t;^  the voliiiBa to 2S ntl with d i s t i l l a d «9ator. /^£ter 
intanrdttant shaking and st'Ading £or 33 hours, tha suapanaions 
wars oantn£ugad md oxamyl in tha sup^cnatants a3titBaited as 
daaexlbod in Chaptar ZX o£ this thesis* The amount o£ oxamyl 
adsorbad was obtainad i.xxm tha Mnount o£ oxaa^fl ad(!faid ittinua tha 
oxanyl ranaining in th(% supamatanta. All axparliMmts nana 
oondttctad in duplieata* iha resul ts ara racordad in tabla 
xxxx «o xxxvz 
HESVLT3 AhU ul$>CV83igi> 
Adaox^ticii of oxa«»>l on H-, Na- and Ca- satutatad i l l i t a 
aiiapanaioRa (1.4S • 1«S7% w/v) in the aquili^riun ooocantratian 
ranga of O to tt aaola •< oxasiyl p^r i i t r a at 2S^ and SO^ C yialdad 
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m^i±.o£ olvf HoiQht of Sur£«c« acoa 
taRao m g glycoX ._ _a 











ii^Wr—"idii M "^ W»<»—WfcM «iM««aM«iiMMi 
l i e 
AdaoffDtiofi e £ oitanvl bv •odlun •AtLuratAd 1111 tLA* mt. 3S^C. 
ConoMOitrAtlon of clay siuipcnsloo «1S. 
Voltimi o£ clay auapflneioii tak«n • 
strsRQth o£ oxanyl m>lutlon 
%tal voluaw o£ mlKtur* 
i ml sv^3mat«»t diluted 
Vol. of l»,IR0l39 
oxaiayl oxanyi 
0*0 0*0 
0 . 5 3 .7 
1.0 7 . 3 
l . S Xl.O 
2.0 14*7 
3 .0 22.0 
4 .0 29 .3 
S .0 36 aft 
7 .0 51 .3 
9 .0 « 5 . 9 
10.0 73 .3 
12.0 • 7 . 9 
14.0 102.6 
15.0 109.9 














































• q u i l l * 
bilum mvoh-




0 . 4 4 














loog e l«y. 












2 0 . 6 
20 .6 
ug 
Conc«ntr«Uon o£ eXsy 8u«p«R»ioB • 14«i$ g p^r Xitr* 
¥01^:9 «£ el«y mumpmmion tmkm m lo«0 el 
str«D«th e£ ejccnyl ^lutioa « 2«S g par Utr« 
Total vciUM o£ Bdxttast « 25 isl 
V o l . o f 
OSHKByi 

























• 4 . » 
70.« 
7 i , 4 
9 4 . 1 
109*6 






























oxem l^ 1(1 
«qulU&xii» 
cuspantiotk 
p<»r U t c » 
0*00 













/'^ laount o£ 
ox«i»yl 
i aM3teoit>«a i n 
iR*i^l9« par 






6 . 3 
7*8 
&»*5 





19 • • 
uo 
AdaorDtlcn o£ oxanvl by ffl^e^^Vt.ftHfIfif^ i l l i t * f l mt. 2S^C. 
Coiic«ntr«tlon o f e l a y «usp«ti«i<»i • 
Volua« o£ c lay susponsion tttk«n m 
strmtgth o£ oxaaiyl s o l u t i t ^ 
TotaX VDXUIB9 o£ silictur* 
I ml ot B^^mmmtmt dllutttd 

































109 . i 
Vol . o€ d i -
lu ted 0 i ^ « » 


































15.649 per l i t r « 
10.0 mX 
2.59 pmt l i t em 
25 liX 
100 wH 
9 AiRount o£ 




















i aasozbttd i n 
iR.MoX«s pmt 
IOO9 eXay 





6 . 1 











Vox .o f 
oxanyX 
i n nX 
0 . 0 













lUB aaJeiiratad l l l i taa_A&.5 iPc . 
CoRc«ntrmtion o t cX«y suspacsiisii w 
VoXu»e o£ eXay 9\isp«nsion taXan m 
St iwigth ot oxa«yX moXution m 
Total iPoXuino o£ edxtura m 
1 fBl o£ stipaxnatant d i l u t a d « 
l».OK>X<UI o£ VoX.Of d i * 
oxtinyX Xutad sup«» 
n a t w t l a tA 












































15.56 g par Xitra 
XO.O mX 
2.5g par Xltra 
25 ml 
100 ml 
/inotmt o f 





0 . 1 3 
0 .29 
0.4fi 












3 adsorbad i n 
r.aoX<3s p9r 
1009 Clay. 






7 . 4 
&.5 








j^^aorofcioB o£ oxaavl bv hvdrocMn aaturAtad 1111 ttta a t 50®C-
V o l . o f 
oxttffiyl 
addad 
i n ml, 














Coneantratioo ot c lay suspanaion 
Veitana «£ e l a y su^p^tsloc 
Strongth o t oxamyl 
takan 
so lu t ion 
*Zbtal volus^ o£ mlxturo 




0 . 0 
3.9 








7 6 . 4 
9 4 . 1 
109.6 
117.6 
d i l u t e d 
Vol .of d i -
lu ted avtpmW' 




































14.569 per l i t n a 
l O . O itO. 




oxanyl i n 
aqtii l ibriun 
suapansion 
par l i t r e 
o.oc 
0 . 1 3 
0 .30 
0 .47 
0 . 6 4 
1.03 
1.45 









1 adaoi^ad in 
ffi.eolMi par 





4 . 2 
5 .7 
6 . 5 









Acyaorctlon o£ oscjanvl bv e a l d i i B aaturAted i l l i t a a At. So^C. 
Conoaiitr«ti<Ma o£ e lay suspanaion «> 
Voluna o f e l«y •uspeosion takon m 
Strength o£ oxaiRyl aolutlcsi 
tiotal voluffiis o£ i!lxtU£^o 
1 sa o f oupamatant d i l u t e d 
Vol .ofi iB.moies 
oxavyX oC 
add«di oxemyl 
i n aa 
0 . 0 





4 . 0 
s.o 
7 .0 





0 . 0 
3.6 






i l . l 
« S . 7 
73 .0 
87 • • 
102.3 
]09.ft 
Vol . Of d i -




































15.«4g par l i t c a 
10.0 nl 
2.Sg par l i t r a 
25 nil 
100 l»l 
AtBount o f ftflaount of 
oxa©yl In cttmmyl 
equilitirium adsoxl>ad in 
suspanaicfi r..Bolas par 
par l i t r a loog c l a y . 
0.0C 
0 . 1 4 












0 . 0 
1.4 
2 . 3 
3 .3 
3.9 
5 . 1 
6 . 3 
7 , 3 







isotlt^nM as glv«Ei in Fig, 13 (curvas 1*6) . m oxamination o£ 
the iaothenns showed that thoy wore olmilcr tx> claas "i** as 
defined by G i l ^ e t ai* 3ueh Lengimiir typo o£ i90th3eni9 have 
£x»an oi>8®rved ir. cjuite a large nui^ r of cases where adsorption 
was e i ther oc^omtration de^^andsnt or factors other than those 
related to th& structor?! status o l the cla^wat^^^r sys-^n vrntB 
involved* l^coox^ny to Qilas e t al» tae <xnvex isothortss wam 
indicat ive ot the tact that oxaKyl noiacul®s not r*o itror.y 
cctrpatitlon l^ sof:: th3 solvent £or adsorption on t l^ ill lticis and 
that the riolcaculos ^ora adsozbed in f l a t orientation* V!^ 
ch*:nge in orijntat ic^ ot thj convex curv^ point9d to grivSual 
saturation oi tho adsorption s i t e s* lh3 «»39or|.ticm folxowad 
th3 ordar ha-* > iU y C a » i l l i t e . Furth r tai increase in teBf3er»-
ture fcon 25^ to So^ '^ C decreased the adsorption i , e * thare was a 
wealMMiing of the attractive forcas between oxar«yl and ilxitt^a* 
The interaction was <^ar ctarised by a negative haat of adsorp* 
t ion . such a result pointed that oxai&yl adsorrticm by the i l l i t « i 
oould be either of a dbeirdcal nature or physical nature. The 
lov rate of attaining equilibriusi^^ sui^geited that oxanvl 
adscrption was at l ea s t partly of a chei&ical nature* The uni-
f c m l t y ot the curves at both the temperatures further shot-^d 
that tenperature does not change the nature of reactions but 
influences the numb r of adeotpUon s i t e s and their a f f in i ty for 



















LI1E Al ^5 C 







^ 1.0 2 0 3.0 <.& 5-0 6 0 
m motes ofOxamylper liter m equitibrium Suspension 
FIGl^- ADSOHPTiON ISOTHERMS OF OAAMYL ON 
H -.Na-AND Ca-ILLlTEb AT 25''AND 5 0 ° C 
12S 
Th« adsorption data fcllowad thj Freundlldi aquation 
J - K c*'^ or m * - In K • ^ in C (X) 
wh3i« ^ was UQ oxarpyl teXaoco^ per g soi l* C was oguiliurium 
ccncantratioEs in ppn« and R and * wera Frsundlidb csonstants 
wich charactarlsi'J thcs aOaotvtion cepccity for osaicyl, A plot 
of in - * again«".t In C gava l inear curvjs in olX cas-a at both 
the t'arpsraturas (Fiy. I 4, curvas 1-6). evaluation o l ^ from 
th3 ©lopas .md K (in K • in - a t C » 1.0 PFW) froro aquation (1) 
gavo values tvMch ac^ (jlv&n in table JOCXVZI* 
/un exifftilnation o£ tabla KKXVZZ indicated that the values 
c^ the sorption intens i ty ^ waro le'^s thson u i i ^ . Tti^nm were 
irJ lcat iva o i a s igr i f l eant nonlinear!ty in the isotSiarms m.d 
an expendt ia l dacraaae in thi sorption enargy as the proportion 
o£ adsorption s i t e s saturated with oxaniyl becai&e Tlie 
cons tart also i n o i c t a d the degree to which the adsorption o£ 
oxaatyl on the i l l i t e s was a function o£ i t s oone^mtratico • 
The nonlinearity varied vith the type o£ cation o t i l l i t e and 
the teaqperature* Th'se factors also influenced the adsorption 
of oxanyi* l ^ s ioxmd fucth .r oon£i emotion fzost the value of K, 
the freundlich oonstant. The higher valuas of K at 2S0 than at 
SO^ C^ in a l l cases pointed to a deerease in the adsorption of the 
pest ic ide with r i se in teK^sreture or the interaction of oxanyl 
with Ha->« iU and C»«i l l i tes was of an exotharrrio nature «nd 



























tbs p«ro$&t«9« o£ cxttnyX ftdsocb^d by the i l l i t j s dacji^asad with 
• cistt in i t s i n i t i a l ocncontrStion as wall as t^ith a r i s^ in 
A 
twnparatura of tha rauction. 
To furthcir ovaXuatua tha af fect of oxan^X c^ncantraticr. 
on i t s Bamotpticm0 tha partition coaf f i c i^ i t and tha p3rasr.tBtm 
QJsotpticn » ra oaXcuXataJ Ctx>tt tho foXXowing naXcticnohipai 
M V 
K P S^e 
1-: 1 0 0 K 
1 «tK 
(2) 
(3) rand pnrc ntago ad'^ ort ticaa » g ^ ' ' K 100 • 
o o 
In tha aoova raXaticuahipa —|^ was tho onioiait oi. ojaeoyX a-soiS>e<i 
by cXQy (tsg/g)« C^ fe^as aqutXibriun: concantration ol: oxe^ -yX in 
aoXuticn (uy/toX)« C^ was ociginoX oxar.yX concontraticn in soXu-
ti<aii (ug/nX) t K tha weight o£ tha iXXita taKan (and V^ tha voXiin i^ 
:^ oiX of tha oxafisj^ X scXution takan. The riauXts which era 
raoordeii in tabXja KKKVIXX to Xi^XZlinOicatad that am tha oonean* 
trat io i of oxainyX i»3da(l incrjtasad* the parti tic»^ coaiflGi^^t and 
adaontion parccMtaqw d^cradsed in aXX tha thraa foema of iXXitaa 
and a t isoth tha tcMBparaturas• Tha vaxuas aXso 4acra<^sad vvith a 
r i se in tas^erature. Thus thara axistad an in^mrsa function 
b<atwa«t K and C «( i^d> oouXd be »ipi:ai^«itad by tha aguationsi 
K • l«c^* or Xog K » Xos k • • Xog C^  (4) 
Zn equation (4) the paranatar k inoicat^d tha af f in i ty of 
iXXites for oxanyX and tha aXope m ahowad the rate a t which K 
12t 
Concantrfition o£ d a y rnvtap^mioa 
Voiu«ai o£ ei«y •tuipancion tftk«D 
Strength of oxwyl •olution 
Total tfoltaaa of nixtura 





































































m 15.589 p«r l i t r « 
• lo.O ml 
• 2*So par l i t r a 
• 25 ml 






















































<UM»ttmtM tar adaorDlJ.va e«cacity of oxjyRVl cm H»lIIlt«s mt. Ifi^C. 
Concffitrttlon of cl«y «uap«DsioD 
Voltane of d a y suspanaion tak«n 
Strangth of oxaatyl aolution 
^ t a l volim^ of crlxtura 















































m 14.S6g par I l t ra 
•> 10.0 ml 
m 2.5g par l i t r a 
• 25 fsl 
m 100 ml 
AiRjunt of i^ roxmt of 
oxanyl In oxanyi 
•(Ittllibnun adsottoaa 
auapanaion in n.noles 
in •i.nolaa par lOOg 
par 1009 clay 































































Clout !t«ntt.ieoir.i daoct t iva caDacitv o£ oxamvl on C * » i l l l t t a a t 
CoRcontratlon o£ c l a y auspacsion 
Voluma o£ c l a y mmji-imale^ tsk^m 
Strangth o£ oxwsyl aolut ion 



















































/^ .Qiount o£ 
i n aqt i i l i* 
bxlua aua* 
pansion in 
n .nolea per 













9 2 . 4 
w 15.649 par l i t r a 
m 10.0 ml 
• 2 . 5 9 par l i t r a 
m 25 irl 
• 100 ml 
/^jsoimt o£ 
oxansyl ad» 
80i±>ad i n 
iB.iBolaa 
per 1009 




4 . 1 
s . i 









P a r t i t i o n Maocp* 








0 . 3 8 
0 .30 
0 . 2 8 
0 . 2 5 


































i t . ^ ^ T i 
Conc«iitr«tlo» of cl«y «tuipiDsio& 
Volun* o£ el«y ausp«R»ion talc«n 
ntrocgth of oxamyl oolutioa 
^ t a l volu8« of cdxtur* 
1 ml of ai^ematant ailutad 
i Vol .of 
diltttod 
•upoma* 






























c« JMBoimt o f 
ox«Ryl in 
• q u l l i l ^ 




c l « y 
2 .1 
4 .7 









6 4 . 3 
91.6 
m iS .SSg per iltsm 
m 10.0 n l 
m 2.5| 9 per l l t r o 
a 25 ml 
m 100 inl 
AnDtmt o f 
oxMiyl 
in » .Kol«s 
par loog 













1 6 . 3 




0 . 5 0 
0 . 4 3 
0*36 
0 . 3 4 
0 . 3 0 
0 .27 
0 . 2 3 
0 . 2 2 
0 . 2 2 
0*22 


















1 mh^ mil 
ilU%n fit 9Q C^. 
C^se^citretic^ o f e l i y mvckptmadLoa 
Volxam o£ e l « y stt9p«nsioB i takan 
Straogth of oatomyl so lu iKm 
Tbtal ncltaia o£ nsixtura 





7 , 6 
11.& 






7 6 . 4 
9 4 . 1 
109.0 
117.« 
o£ av^eznatmt d l lu tad 

































Araouat o f 
oxaieyl i n 




c l a y 
2 . 3 
6 .1 









9 2 , 8 
100.6 
m I4 .66g par l i t o a 
m 10.0 ml 
m 2 .59 p e r l i t r a 
m 25 Bll 
m 100 ml 



















P a r t i t l c ^ Maotg» 
ooo t ion jpar 









0 . 2 6 
0*24 
0 . 2 3 
0 .20 

















TA^g » t l l l 
-
i iUtta . t t $0?1C 
Conc«iitrttioii &£ ole>* $«aipeii9ioa 
Voluaw o£ d a y suapantlon takon 
Str«ngth o£ oxa^yl so lu t ion 
Tbtal vclutca e t trixtux^ 










S l . l 





V c l . o f 
d i l u t e 
aupacna* 
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docrvased with an incraane In the i n i t i a l ooncootratic^ o£ 
oxamyl• 
A plot o£ t i a partit ior coaffiici ?nt and tha i n i t i a l 
concentration itava l inear curvas as shown in Fig . 15. Fxxm tha 
slope oC th3 curves %IQKB oi>tair.®d tha value?o£ m end tlrjotaftsr 
w'iti) tho h^lp o£ aquation (4) ware CiStained tho valunso£ k* 
Tha rasulta are gtvoi in t€l>lQ KLZV. Zn the taUlQ era also 
raoorded tha values oli corralcticn ooeCficianta bettoan tha 
ac%»ta)t of oxamyl adsocbad and th@ oxamyl in t^a atixiilitrium 
solution obtained by s t a t i s t i c a l analysis . 
im Qxacdnctlcn o£ tablo ISUZV showed that tJtiB valuss o£ h 
decraasad ^ t h a risa in toar^aratura i . e . * tha a££ir.itv of 
oxamyl fbr tha thi^a £onns o i i l l l t a decraasad vith a xlsm it: 
tarperatura. /vi'so tha af f in i ty c£ oramyl as indlcatad by tha 
valuas ot k lor 1111 t j s Icllowad tha ordar K»»l l l l ta > ii->illlta > 
Ca^i l l l ta . Tha rasiilts wara iv acoordiinca with tha aarll^r 
ccnclualona. rurthar aa auggasted by th^ values o£ m, tha rata 
of dacraaaa in tha partitlcm o o a t f l d ^ t cosa with a rlaa In 
tai(|>a«a«iira or tha rata of adsori:^tlci} i^actl<»i was hlghar at 
highar tai^paiatura though i t a adaon tlon p'leantaga was lassar . 
Tha valuas of at also indlcatad that ths rata of adsocptlon followa4 
tha ordar Na»l lUta > H . i i i i t a > C a - i l l i t a at both tha t««v»aratttria. 
Tha s t a t l s t l e a l l y s lgnif lewit valuaa of corralatlon coai-fidants 
a t %% laval (taoia XLZV) indlcatad th«t with m inetaasa in tha 
aqullibriuff ooncantration of oxanyl* i t s adsorption Inovsasad. 
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For a furthar quanUtaUvQ avaluaUon of the adaorp-
tlon machanlaoj, thttXRodynando par^Rtotors V^CB caXcul> t9d for 
th«i intoractloi o£ oxarryl vith a d d and hmmm ©aturatsd iXiitrfs. 
Tha v«lu3s of th® th®£ii90dyn«Blc ogulxibrluin oonatant K vaca 
o 
obt«li3«a £xom t^ © ntlatlonshlp^^j 
o y. (5) 
»h'ir« C vaa tsg of ^iXuto adaocbtid par tX o i ocliMit in contact 
9 
\itith ttm &^ao&>mt surface* C was ug o£ 8Cliit3 pmr tnl o£ so l -
vont in aquili^riuia iK>luti<^ ^'^^'y i^ ^^^ ^ 1 war* act iv i ty 
c©o£ficient» o£ tha scluta on thj surfeca «nd in tha Qquilibritiin 
solution ct3t8pootivcaiy« As tha ooncantraticn c oi th i aoluto in 
the solution tendad to ea£o« thts act iv i ty Qoai£iciants approachod 
c 
unity. Th^ valuaa of K trere thus c stained by plott ing In ";^  v», 
c^ and axtrapolatin^ to zaro C^. T^Q valu€» o£ C tram e a n i a r 
obtain ad £ror t^a ralationshipt 
c m ^l-^cL-A. vh^ra A, tha cross sactlcnal ar.a o£ tho solvant 
molaeula (oaVnolaoula) « 1.091 x 10*^^ « r^  and 
f m noiaeular waight (g/mola) «ffia danaity (g/ml) os; tha solvaot 
caspactivaly* S • surfaca araa o£ tha adoocbant (cnt^/g) and 
H m AvagadWD** nuab^r. Tha valuaa o£ K^  ara givan in tabla XLV. 
An aNWiiiiiatioii of tabla XLV indicated ^ a t both at 2iP 
and So^ C tha valuas of K^  vara higher than unity i . a . « ostaaiyl 
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had a high ptmtftttmce £cr tum 1111 to surfaces• Tha valuaa also 
ecn£i£iiiad the aarllar daductlcma that adsorj. tlcti o£ oxamyl on 
i i l l t a a dbcc^aaodi vd.th a rlsa In twrperatura and tha ocdar o£ 
adscrrtloD i9aa t ia» i i i i t e> (i-*llllta >Ca»ll l i ta« 
Th« V3ltM»8 cH oi^cal l chactas in £ty» enaiigy < A O^ , 
©s-thali.y ( A if) ec d antXDpy ( /^ cP) waca calcuiatad JEKJID tha 
following o la t icoahlps t 
A QP m • UT In K (6) 
o 
} • 
* ^ ^ 1, .»..,„.„,. . . „ « • 
o Tj^  " 
Z^ff - T A 3° 
* ^2 ^1 
(7) 
(6) an<3 A O® « 
The r33Ult9 ara rooordad in tabla XLV. 
Tha valuaa ot A c ° vara nagativa at both tlia tatri|4ir»-> 
turaa and increasad with a riaa in t®B)pjratuz« pointing towax^a 
•the ^pc^tancity o£ r^acticn in the diroction o£ oxanyl. Tha 
valuaa a l to ot>ri£icnad our aari iar daductlona on the a££inity of 
oxanyl for tha ditfar^nt Soma of l l l i ^ at tha tuo tanparatu:^-
Tha nagativa valuaa also pointad to a high peraintanca or xaaia« 
tanoa to dagradation of oxaayl in i n i t i o aoila* 
Tha Bagativa valuaa of anthal^y wara in acoordanoa with 
tho axothamic nature of tha reaction and an anexgetioally 
atable aystaai vith a atxong binding of the nol'^teule to tlie c lay . 
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fwrnmim '\>mi mmim»miiimm''<m'-iit*m 'm»'m»f mmimmwiwuiwii ««w>ipw»«ri»* 
ThenBodsn^mic fitrllUtt ^llUtt 
par«iBQt©r» j^^pj^ 323PK jji^Oj; 32/*K 29iPK 3a3f**K 
EquiUbxiun 6036 2b&4 5370 2723 4698 2512 
oort3t<ffit(fQ 
A 0**(kc«l moU*) -5 ,16 - 5 , 1 2 - 5 , 0 » -5 .0© - S . 0 4 - 5 , 0 3 
A H**(lcc«l iiol«"i - 5 . 6 5 - 5 . 2 1 - 5 . 1 a 
A S ® t « l BOl*"'*) - l . d 2 • 1 . 6 2 - 0 . 4 0 - 0 . 4 0 - 0 . 2 6 - 0 . 2 6 
iw Mil m iWi iiMiwti—ifwi 111 ! • iMi ! • i i 'WMiaw tmtmmmmmmtmmmmmmmmtmmmiMmmmmmmmmmmtmm ma mum-mmmimm 
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Th« nvgativo «rittO£:y chaD^ss furth.r oonficmed tha deductions 
drawn. Asaodiitlon* f iyatlcn or iiiPObiliEfttl<»ni of tha oxaayl 
nclaculo as a r-^sult of adsor^jtlon rjsultaa in a loss o£ the 
<lmyttam o£ Sradaom o£ tha i;»sticid« nol iculm i roducina n«gativa 
QHtroi-y e.£9cta ^lid s ta la <x>si£:l0X39 of oxanyi with '^a»« IS» axid 
Ca-illl.3S, 
cur aaril r ir.f3JC9tsc® that th© rnachaoi^ jn) of r_'«tction 
b3tv?@an oxmr^l and cla^ coui^ Lt^ j ooordination £>:2twa««i axchango* 
cbl3 catiOQB oi' tha d a y enti tha oxyggn o£ tiio atflda t.roup m 
illU3t.rat3d beXotft 
.U .#^ . -P .„ .L . .« ,3 -^ 
- O . . K - ® 
1 
K - c • Enaig 
o J 
xxu t ^ 
(%»htfr« r, was ta*# H* or Ca^ "^  e^.d R was (CH )^ ^  l» - C - c « IHC-) 
found ocmfirmation fron; anthaipy ch^Qes. y^n anthalp^ change 
of th<9 nagnituds («S,i2 to »5.6b keal/noia) vids tabis ;<LV 
obaorvad by ua in t^« eiyovs intar&ctlons h w s b««D r^portad for 
tha Qoosdination pcooaasas by savarai workacs*'. Caioulaticii 
of tha bcmd anargy for tha formation of ooordinatad bond batwaan 
oxanyl and tiha eaticmic i l l i t s s gava valuwi ranging fsom iS ,5 to 
19.0 koaX/taoIa. Tha high valuaa of tha bond anargi«f vmrm in 
acooxdanca with tha psocaas of idiaadsorption postulatad tiyovm. 
140 
1. Slnghal* J . P*« Khan, S* U, and Banaal* 0» i>«« 
i^uat. J . Ch«B).« X97& (in pcBaa} • 
2 . Van BiadaX* E* find ^^raale» A.# <7. Jo i l U d , . 2i« 93, 
1977. 
3 . Van oiaaal* n. end i^^oreaio. A,, Soil Dei* Soc* Aroerr* 
P r o c , 38, 44, 1974. 
4 . 31n<^l , J . P.* Singh, E. P . , Singh, C. P. and Cv^ts, 
O. iC., J . Ooii S c i . , 27, 42, 1976. 
5 . AidElc^, D, c , Jind Buchooan, cT. a . . Coil Oei. Goc« r t^sar. 
Proo., 22, 201, 19Se. 
5 . OanguXi, A* K,, J . Phya. Col l . Ch^n., S5« 1417, 19S1. 
7 . R«ndcic)cs, 3 . B. fsnd Dyal, a. S. , Trans. 4th Znt« Cong. 
Soi l S c i . , 2t71, 19&0. 
6 . sinyhal, J . P . , Khan, o . O. and Qtfisai, O. P . , «7. / ^ r i c . 
food Chatt., 2&, 377, 1977. 
9 . Giicfs, C. H., KcSwan, T. H., ^akhwa, S* K. and 3i&ith« l>., 
J . Chw. Soe., 3973, 1960. 
10. L«<vl*Minsi, ti . , so ldat ini , Q* i, ma fti££aldi, a . , 
J . Soil S c i . , 27, 10, 1976. 
11. Sach«, B. w. and KilUana, £• G., J . Soil 3 c i . , 22, 2li9, 
1971. 
141 
12. BiggmiC, J . V'« and Chmvaagt H, H.« noil Zci, Soc, ^ i^i^ r. 
Pxoc* 39« b&i, 1973. 
13. Dtty« H. C. tad Sslbic^ J . Th^oratical Inorganic 
€hmk»tsf» Littcn Eatxcational I'ublisMng ziie.# How 
YorK« 2lld oa.* Ch^ . 11« pp. 464» 1977* 

143 
Adtexption and dmaorption pioc«ss9« in so i l s as9 Inporunt 
b«estts« th«r osntxDi th« biod«orad«tio»« itptalcs «ad £«].•••• of 
ehainicals in soils* snd ^ s i r migraticm ovar « paclod o£ tins* 
CxsiByi (nsthyi K*« t:*»dist:thyl^' (aathyl csfbanoyl* 03cy)-i*thio» 
oiewBiBidsts} i s « bcoed spsotcun psstieids, Znvsstig«tie»is in 
thesa itijorstoeiss cm i t s adsosption i^itli days i^irsaisd a 
dineti€»i or pxotcxiation o£ tha oxygan o£ i t s sisida gsoxtp by 
oatiooio clays* tm taidorstaKiding o£ tha kinatios o i thasa p(iD» 
eassas io clays witli ragaird to oxamyl was ocAsidaxad iiqportant. 
Vaeioua inadols hava baan pcoposad £ar a kinatie sti^y o£ 
axch^oa and adsosption in aolutions* Tha ooneapt of sinpla 
rata laws and ordar o£ raaetion^f Boyd« Adansoti and ityars^ 
modals and thosa o£ Kurt Bun s i hava baan ai:pliad iot a kinatie 
atudy of di££arant syataan* Thaaa laodals* howavar, stt££arad £ro8i 
eartain lisdtationa in tha £act that thay did not taka account 
of tJ)a backward raaction i«a*« tha dasoxption ra'a in a aingla 
rata aquation, tto ovarcoaa sooia of tha lisiitationaf Lindstxoii« 
S Maqua and Oaahew pxoposad tha &>1 lowing rata axpxaasion for tha 
kinatias of adaorptioAt 
d t . k^  Al^ (l- f ) m^j • kj J(i- f.) aNi^- ^ ^ j 
whara 0 ia tha fraction adaorbad, k^ tha adaorpUon rata oonstant. 
kj tha dasoption rata aonatwt and b anothar oonatant. Tha 
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•<3U«tton WM •ucoassfuXly appli«d to tha adaocptl<»> pxoc«s» 
M • n«t r«ftuXt of tuo opposing reactions^ adaorpUoa «na 
aasorttion in caaa of organic (noloculoa on i l l i t a md s i l i ca 
gal in aolutiona* Xt gava a raaaonitfdly good f i t to axparinantaX 
data and astii&ataa of edaorption kinotic parai^tara in Qsootheimlc 
6 
p£OC333 l a • 
In vi3W of tba apparent uaafulnass o£ the Lirdatsoo ot al« 
laodal* th& ain oi ti^a InvaatiQation was to taat tha vaiiJity of 
tha aquatics iL casa of th^ «dlsorpti<Mn of oxaroyl on Haolinita* 
and to caXcuXate th® rata oonatanta and oth^r Kinetic paran^t^m 
of tha intaracUoo* Fcoin tha rata con8t6j:)ta^«f€}ra calcuX-^ .ted tha 
than^dynaiRio functions of the adaorpticm procasa* 
Tha KaoXinita uaed in tha atudy was a mcmominaralic atan-
dard of tha Aisariean Patrolawn Xnatituta. Zt waa bsokan 19 in a 
nortar using a evibbmx; oovArad paatla. ^ a organic oattar was 
exidiaad vith hydn>gan paroxida and tha mixtura dilutad nith 
di a t i l lad «#atar* Tha d a y waa than dispocsad by aXactrlcaX 
atirriag. Tha atiapanaion obtainad was pasaad thcough ahaata of 
nfhatauai f i l tar psi;>ar fittad in tha bo%tl of XntacnationiUchair'ical 
e«itrifiiga at a spaad of 3Soo rp« to ranova «ny eoarsa nattar. 
Tha < 2/Uelay suspansion waa than traatad with aodiuai 
t4S 
ehXeridQ ma diiJLtit« act t i l l th« ooncsctrat ion o£ thtt supafratant 
U q u i d %tM Xt' w i th c««p<i€t to sodiuiR ch lor ide find o*tl^ w i th 
r®s|.(»ct to HCl* Tha P ix tura wa« shaKan Ccr h a l f an hour a f t a r 
wnich tUft stip<»£catant ac i d -aa l t ac lu t i ce waa rar^ovsi tmm tha 
c lay f v clacantatic;^* Xhi c lay was agaict tr»r.t3a i^lth a a l t aiolu-
tl<»i« ah^l^is: lot ti&ia er. hour ^ J Crsad c i suptssaafutfit l i q u i d * 
I t Has tinm waahadi y l t h a i s t i l l ® d aratar t i l l th-j c lay viiapsuraad 
endi t i n ccn f iac t i v i t f c£ tha susp^caion was o i ti:a a i^s© C£d-»r . a 
t ha t o£ d t s t i l i ' ^ J «atar m<^ t i l l ths> c lay 'u^cmam ^rsa ex c^iierlda 
i o n s . Thi a^isr-^'i^cn w^ -^ a then atC'.eci i n ylasawara ana a'li^a whan 
raqui taa« 
'ClMWIWHJafcO-i'Wt.iiMrt I'll I I inM iwl M .JtlilipiWI ii5,^r—.Ta iMr «*- «• 'M>i ii—I'lai jW.lBiiW • # ii|» •ii:i(iiJW>iilM«iWt*iiifciii<IMii>|l>fiaMW^ii.lli' 
To ci>taio th-} calcius aaturat^'d kaoliait'r;# th:s ncHxm c lay 
austparaioa waa t r a a t ^ wi th tho aaturatau oc lu t ion o t c a l c l t ^ 
c h l o r i d a , Tha el«i fflU««p«ifs»*»Sof» tsaa fersahad thorcughly ^l^t d ia t iX laa 
w-atar t i l l £raa tmrn- ch lor ida iona «nd t i l l tha ootiductaeca o f 
tha t i l t c a t a i n aacl» caaa ««aa o t tha mmm ordar aa t h a t o i 
d i a t i l l a ^ watar. 
Mydcoyan aatucatad ikaol in i ta waa i m a h l y p r^asaA vida 
A ld r i ch «fiii •ttahaaan'a »i»thod tvom tha aus|;an«ion uy ptmming i t 
thxottgti a oal ian o f H»fiowa»»Sot^Xii caUon axchan^a raain a t a 
apaad o£ 3 » l pmic »4t ata t i l l tha pH and ooncMictanoa o£ ttia aiM* 
paaaioo baooa« oooataat* 
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The ooncantraUon of the suspansiono wsm datermlijQd 
by avoporation a» aXroady described. 
Cation 9xc!iang3 capacity of ciey was slatanrlnsif: by 
Oengiall's ixiothod « <ui air@at!y doscclbed in Chaptar 21 o£ t^iia 
thesis* 
Kltv-rTlC EXPKHIi'^ -13 
ihe For ^Itinotic study, tha clay surface vma saturated with 
pho3i.h-te buffer of pH 7. Than lo ml eamplaa of tha €pi-ropriv te 
ks^l ln i te eusp^eion t^ere vigocously shaKen throu^tout in a 
nurb^r of g lass etopp irad tubes with IS ml of etondnrd OKamyl 
aolution (1000 ugy/tel) in phosphate buffer. Two se t s of eatpari-
mente w^re purforcmHS* on© at 30**C and the oth-^r at 6o*V:, At 
dif ferent time intervale (1« 2* 3* 6« 9« 12* 15* lii, 21* 24, 27, 
30, 33 hours) aliquots ot olxtur^a «#ere withdrawn, csentxifuged 
aosd oxamyl e s t i sa t id in the aup^matants sp/totrophotontetrieally 
as described in Chapter ZZ of th i s thesis* The amount of oxamyl 
adsorbed at diffei^ent intervals of t ine was obtained from the 
aicount of examyl added aiinut oxenyl r^eaining in the si9:«matants. 
The results are recorded in tabiee XLVZ to LI* Experiments indi -
cated that the equilioriuei t iae for edsorj^tion varied froin 27 
to 33 hours depending vqpon the cationie nature of the keolinite* 
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Tho Craction adsorbed at a: y tino t was datarmined by 
tiha ralationi 
C' • C(t) 
vih-icm C^ • C {^^ * V) , and flf{^ waa the Cractlcn sorbad a t 
tlD^ t, C tha i n i t l c l amamtrotlcn of oxemyl, C(t) the oocovi-
tratlon o£ oxsmyi In tha suspension at titaa t* C( to} tha cxMw 
cantratic^ o£ orasyl in tha su^3Rsion at equilibrium time* V 
tha voltma of odaoxbate and Vb tho volunia o£ tha buf£ar solution 
raquirad to s^^turate tho Haolinita @ur£eca» 1^9 rosults era 
giviSi in tables LXX to LVXX. 
For tho desorj;tic«i astp^riiRaots lO inl o£ aaCh o2 tba tU, 
Ka» and Ca» saturatad kaolin!ta clay sU3p3nsion8 «?3ra takan in 
savaral glass stopj^arad tubas* Than 15 nl o£ standard c^aaiyl 
solution o£ lOOO v^/ed oc^cantration was addad in aac^ casa* 
Tb tha cantriCUQstas o£ tiia ooB^^laxas £ormad l^& i»l o£ phosxi^ata 
buffar o£ {^ 7 was alidad in aaCh tititni and tha voltKia o i nixtura 
was adjuatad to 25 iRl with d i s t i l l e d watar. Two 8«»tso£ axpari* 
mants %#ara parforsiad at 30^ C and tha oth?r at 6o^C. Tha saiqplas 
wars ahakan vigoxoualy and at diffarant tina intervals (1* 2, 3« 
S« 9, 12* 15, lb, 24« 27, 30 39 hours) ^ Qiiquots wars eantri-
fugad and oxamyl aatiinstad in tha sup^^matant as daacribad 
e a r l i e r . The r su i t s o£ oxamyl dasori>ad are givtn in t^ idolas 
i 4 t 
I.VZX2 to hX, 
ana K^ Z 4*^  4 ^ •^t ^ (4^^) "^ 4 ^ 1^ *^^ 
wtiara I was tho naming inaax • 1, 3« t^i* mid 
Y j » 0 % + l ^ t ) - {T (t^), (•) 
4 " - ( <i - i« (I - - | - ) ••**^ at, (b) 
b i» 'Ry""" «(b'"tvit «#«• tl}« anttx^y aiueafta oonstaiit for th« •oibing 
•iarfM«« 
By ttw pjEoetn* of Xma»% •<|ti«x» iii>«ddiiio m acNSis^ tabl* 
ragioe of b valWM WM ••lo<stod« atartlnf with • Immt vml%m of b« 
ThtM» taking « b vaiu* • 0 ted for ovary inoroawnt of 0*1S waliiaa 
of Y^ « x^ ^^  ana X^^ ' waro oaleulatad for difforont oKpafiMantal 
vaittoa of 0 twom mq^m%lmk9 (a) # (b) and («) • Trapoaoidal rtila 
was uaad for mm avaiiiatioii of tho intogral ^antiaia* "Zlio 
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(1) PXOC9S8 o£ ineramant in b valu«» was continued t i l l V^ * K) 
«nd x]'^' gavtt pasit ivo vaiuas of H^  ana K^  £xoia aquetiona (1) 
ana (2) • Fcom ai!ionyst tha i^hyaicaily acceptable veluea o€ to 
thua obtainad* a value o£ to waa se lected which gave the leaat 
® b > > 0 
value of E /O^ « c^n.B \ ir. the poaitive quadrant of th^ 
three dii^endland vactoir space (k. # k^, to) ^ o£ tho cK^uaticii 
FxoiD the thus oatii&ated value o£ b tho required rate oonstanta 
k. and k_ % r^e obtained. 
A nunt>or oi rune sho«fed that the idaorpti^^ end dcsorptlc«) 
o£ oxBm)fX on B»« iKo», and Ca-kaolinitaa followed the £irat order 
Kinatica ea ravealad by l inear plots of log (a»ad va t . I^e rate 
oonatanta ware thua elao det>^nBineO £coro the data on adsK>rrtlcn 
and dsaor^ tion o£ oiHtfnyi by kaolinitja* using the f i r s t order 
rate expcvaaiooi 
K. . a*aai l o g - ; ; : * - <3) 
where K* waa the rate oonst«nt (k^ or k^ ) # t the time in seca* 
a the anount ot oxa»yl added and x the anount adaoxbed or 
daaocbad at t ine t« 
Since tefos^ratuxe e f fect haa baeun vary uaeful in providing 
an ins ight into the tJ^eosy of a l l rata processes* the energetiea 
ISO 
o i •drorpUon of oxmyl OK ktol lui ta wsjpt ®x«ffltii«id by t«!ip9r*» 
turo stufUos. Ititt rat« csonstant for a roaetion emi in tamm 
of traiisitic»> s tato theory * b« rapinea^tod by 
K, or K, . f , - ^ V « ' . ^ ,A3./« ^ .Ai .^ . (4) 
•Z . 
whoro k was i:olix.mr.*a cxpnstcnt, fe tha PlencJi'o aztiit-tit, T th© 
absolute tof^orator®, ^ o^, /^ S^ and A w^  wa*"® th^«5Q«^y o£ 
act lvs t lcn, ontfogy of actlvatios *«d ^^tliaXpy of actlvatloci 
rsspoctlVQXy* ^ e th^rsBo^Syoarlc paraajtars for nhm ectivatiid 
s t a t a o£ tba ayatam t^sough which the syataim pasaad for tha 
reaction to ocour \gBC@ caicuii taa as follow*. Acoor^ng to 
Arrh^iusf th@ mtm oonstiait H waa ralotad to tae^^ratura by 
tliQ aquation In k w*"^* 4> In A which Q&vm 
^« 2 i 
J^owine tha valuasoa. adaor^tioa rata cssnatant k. a t 30^ mid 60^C, 
1 , for adao^ption was calculatad. Wmm t ^ a followad tha 
amthalpy of activation for tha adaoxi ti<»i saaetion* 
A H^ • B^ - RT <6) 
Tha antxopy of activation was than caleulatad fxoiD tha 
ralationahip (4) Qivao abova* 
Tha fraa anargy of activation was than dataminadi by tha 
aquationt 
ISl 
A O^ • A H - T A S. <7J 
Tl}« results obtain«dl for k inet ic param^t3rs of adlflK»sp<» 
tion end desori tlcm processes era givan in t«i^le l*K£X, 
The rfttio o£ the rate ccnstents ^ A j yi9l-^ ia<3 the equi-
Xi^rlum ccnstect K. This enebledi us to calculct - th^ thasno* 
dvhen-lc pere»3t3re tor the physloo-chemical egu i iUc iwi batvsen 
oxanyl ana kaolinite* Thua th® Oibbs £rae snergy change £or 
tha intaracticn batv^m oxamyl end kiK>linita was obtainedi by 
the equations 
A O • « KT In K (8) 
The 9t«;(3ar<l «mthaipy change was calculated £eotn Ven-t iloSS 
ieochoret 
^ a A H 1 1 
The et«naardi entropy change wae then detentdned £xom the 
relationehipt 
A O « A H - T A S <IO> 




Concantr«tlon o f d a y •uspanslon m 
veiwm ot d a y s i i s p ^ s i o n takan • 
atrangth o£ cxoRtyl s o l u t l c n 
Total volutca o f Bdxtur« 
5 ml o£ au|;r^i»atant d i l u t e d 
VoI«o£ iB.iaoiaa o i tlie« In 
oxMiyl oxonyl houm 
ad<lA(3 in 


















































Vol . o f d i -
l u t e d sv^av-
















14,8og par l i t r a 
10.0 181 





















oxamyl i n 
m.molaa par 
loog c l a y . 
















i?ttgft Qg -OXl 
imiM nmi 
itturit8a.}»ioiio4tt8 .It. 
C(»)cflntratl<m o£ c l a y suspcoisictfi « 
Voltam o£ c l a y susp^isicm takan • 
strangtlt o£ oxastyl s o l u t i o n • 
Total ¥oli3fm of ir4.xtuca 



















0 . 0 
44 .6 


































V o l . o f a i « 
lu tad 9Mp» 
axnataot 
















30^'H t l iffllfTtMl 
15«30g par l i t r « 
10 .0 ml 





435 n * 






























9 . 4 4 





C(^r«nt7«tioct o£ eXfty siuipiinsicn » 
Volui^ o£ Clair susp«3«ioR takan • 
Strength o£ oxamyl ao lut ioo 
I b t a l volumo o£ rdxtuc* 
& irO. o£ stq^fnatcnt d l l u t a d 
ox«nyl 
add«d 
i n nd 





















































V o l . o£ d i» 
lutoa siv>-
e m a t a n t i n 









0 . 5 






15.00g p«r l i t r « 
10.0 cnl 





















/tnotmt o t 
oxastyl in n . 
moles par loog 
e l a y 














9 . 6 3 
1S5 
Hxjifori 
TA%fi ?<Ii2;^  
tamvl by Jr^vdipg^ffj jp^^v^f l^ f^  k a o l i n ! t s a at: ko^C 
A i - § { l t S t t 4 . ^ Y . U l f f • 
Coneon trailer o£ el ay susponsloti • 
VoiuBM o£ c2lay mvispmai&a tek«n « 
strength oi oxonyl aoJLuti(»i » 
Tbtal volume o£ trixtuxo 
5 
Vol .o f 
ox«8iyl 
oddad 




I t . O 
15,0 
I ' . O 
15.0 
15,0 





ml o£ &3ip. 
• 
Msnattfit diluted m 
n.iDolQS o£ TUBO i n 
oscanyl hours 
0 . 0 
4 3 . 3 
^ . 3 
^ • 3 




4 6 . 3 
4ft.3 
46 .3 
4 6 . 3 

















Vol.ofi d i -
l u t e d 9Up* 
e c a a t a n t 











0 . 5 
1.0 
1.0 
14.6og par i i t«a 
10*0 Id 
l.Og par l i t ro 
25 fill 
100 ail 













0 . 2 7 5 
0 .275 
fjtount o f 
oxanQfl i n 
in.Q3ol$« p a r 
lOOg c l a y . 
















C«EiceQtreticm o f el«y «:uapan3ion • 
Volume o£ d a y auapanaion takan « 
3tr«ng'.b o£ oxamyl so lu t ioo 
Total voluna o£ edxture 
S ffil o i evq^siatant d i l u t e d 
Voi .o£ iD«sioX3S oi: TifBo in 
oxaipyl oxcmyX hours 
i n isl, 












l i . O 

















































15.30 9 par 
10.0 n l 
l i t r a 





















i s .no l i s par 
lOOg cla^r 















Ml0nrt4^,.fi£.9V*"'v^ ^^ ealeiUB ««t:uc«t«d 
Coneantir«tioR et e l«y 9U»jpmD»icn m 
Vox tins o e ciair siaspttRttioii taktm m 
strwtgth o£ oxanyl soJlution « 
Total volustt o£ ir4.xtur« • 
S Qd of sui^niatai i t d i lu tad • 
Vol . o f in.inoXes 
o x « » ^ ofi 
(ida«d ojcwsyl 






15 .0 45 .7 
15,0 46.7 






Tin* in Vol .of d i . 
• sna ten t 
















' ^imllRlk^ff <f* t gQ^C mm 
i&.00g pBt i i t £ » 
10 .0 e l 



















Atsoimt o f 
oxassyl 
n.moles par 












9 . 1 3 
9 . 1 3 
156 
eif Q^mm^ an hvdgeciii • a t u f t a d I m c l i t i i f a t aQ**C-
Ccsnotfitration o£ cl«y suspension 
VoitUM of elay gusponsioe taKttQ 
VoluiM of i^ t^iosphat* buffar addod 
24«6o g por l l t r « 
10*0 SCI 
a 11 ntl por loog eloy 
Mount o£ oxsmyl addsd (C ) 
Dansity o£ ontmmyl 
Anount o£ oxsi^l addsd after 
phosphat* oorrQctioo (C )^ 
15 X 10"* g 
m 0.92 

















.^ n^ount o£ 
oxanQTl in aqui* 
libriuK suspan* 
sion in si.flBolas 
















oxMByl adaad in 
m.nolis par loOg 

































ot o«ttivi en acdiui a^turafd kaolinita a t 3Q^C. 
CoRCMntiTtttion o£ clay •utponaion 
noliMM o£ clay suap^sion tak«n 
Voltustt o£ pboaphata bu£ff}r addad 
Asaount ot: oxastyl addad (C ) 
l^tfislty o£ oxamyl 
Aa»imt o£ ox«8yl addad aCtar 
phoai^ista oottmctiaa (c^) 
lS«3og par l i t r a 
10*0 nd 
11*0 nl p r 100 0 d a y 
15 X lo*^g 
0.92 

















Aifioioit of oxa» 
Riyl in aqui l i -
btivm auapan* 
aion in lo.iRDlaa 
















ABOunt of oxafl^I 
addad in m.noiaa 
par loog clay 
aftar pohaphat* 































CoROsntraticm o£ cti«y ausponslon 
voliBitt oe eiay suspension t«k«n 
Vol«U98 o£ ph03|>het« buCfor addsa 
AatDint of oxsieyl sadad (C )^ 
Oarsitjr o£ oxamyl 
i^ ROtmt of oiutfByl ttokSsd aftar 
phosphate oorractlon (C*) • 
m 15.009 per l i txe 
m 10*0 IBl 
ai II ml pjr loog olsy 
- 15 11 uT^g 
m 0,92 
• i&.063 91 10**^ g 
















/^AOURt 0 £ OX*> 
nyl i n «quiU<-
br iuo sui^on-
s i o n in B.nolQS 
















/^novnt o£ oxamyl 
added i n Bi.inoles 
per looy c l a y 
e£ ter phosphate 

















0 . 1 3 3 
0 .174 
0 .225 
0 . 4 3 2 
0 . 5 6 1 
0«646 
0 .690 
0 . 7 4 3 
0 . 7 6 3 
0 . 7 9 3 
0 .844 




Qt g i i j y l .on ,fa /4TO880 ,a§,fryritB^, taolAnitt, n ,»Q?C> 
Concentration o*> cl«y •uapanslon 
Volxn* of el«y sttsp«nsion taK«n 
Volurat o£ pho«{^at« buff r «t3d9d 
Anount o t oxaryi addad (C )^ 
Dmaitf c£ oxavyl 
Ainowit o l oximyJL addadi a f t e r 
phosphata oorractlcA (c*) 
o 
• 14*6og ^ar l i t r a 
• 10*0 nl 
• 11 R4 P »r loo g clay 
• 15 X 16" 5 
• 0.93 
• 15,262 n 10*^9 














i^coimt of oxa>» 
myX in aquiii-* 
briHR auapan* 
alcn in n.aolea 














Afflount of oxaoyl 
acldad i n n^noXaa 





























V f i w Qg,tf*« at ^timrmt tim . I n f nrtig fog.adaoiPtloB 
ConetfitraUon o£ ci«y sustitPJiioii 
VoIi»D« o£ elay swiponsion takon 
Voluns of phoapiiata bufCar edSoA 
Ainotait o£ oxamyl addad (C )^ 
a«r.slty o£ onvmyl 
fmovikt o£ oxaK|rl acSdadi mttar 
phoaphato eorractlon (C )^ 
IS. 309 P^c Ut£« 
10.0 fill 
11 na per loog clay 
16 X KT^Q 
0.92 
















nyl i c aquili* 
briuan auapan-
aicm in m.imolaa 













Amoimt ot OKttBsyl 
adldad in le.nolea 
par loog clay 
aftar phoaphata 














0 . 0 3S 













C<:»ic«ntr«tlon of cl«y auspcnsioa 
Voltiffio o£ eXay suspansloo takan 
VoltM« ct phospliata buCfer add«a 
AcQOUrtt o£ oxtmyl adKSsd (CJ 
Density o£ OKamyl 
'^^EQOunt o£ oxamyl addad after 
phoa^hata oorractlon (c^) 
• IS.aoqpar i i t ro 
• 10 ml 
m l i ml par loog easy 
• 15 X 10*^g 
• 0*92 
• 1S.0S3 X KT^g 













Anotnt o£ oxa» 
layl i n aqu l l i * 
br iuo auapan-
aicm l o 8i*nolaa 














Asiount o f oxamyl 
addad in m.nolea 
par loog d a y 
a£tar phosphata 
oorraction C* o 



























l?0ffOn?lMlQP o£ oxaavl Ltsom hvdJtooan kaolinli^M-nyjinvl fiDlPDittx a t 
JO? .W'J^o'fff. 
ConctfDtfftUon o f el.«y cuspanslon m I4 .20g par l i t r a 
Voivno o£ d a y oxacyl ooaqplox takiO* J^ ml 




oxaioyl i n 
c l a y ex*» 
ffiyl oc«|>* 
Xax in n* 
nolaa par 
iOOg c l a y 
i a . 3 
12*3 


































• 15 ffil 
* 25 lal 
.. .ytfontic^ at ao^c 
Abaov-






































l€m a t do^C 
Amount o f 
oitanyl da-
aocbad i n RI. 
(Bolaa par 












Conc«H)tration o£ clay suspcrislon « 
Volurao o€ clay oxamyl o»Dplox takon • 
VoliSBKi o£ phoarii. t« buffor (pH»7) «ddod m 
Total 5)olUB)Q o£ ciixtur* • 




Anount o£ TISKI Vol»of 
oxanyl in in aup f^w 
olay oxai* houra nataot 
myl c o H ^ i l l Ml 
lax in m, 
Btolaa par 
loog clay 
M>aofw Affount of M)sor* Amount o£ 
bane* at oxamyl te- banc* at oxateyl d*» 
435 MB aosbad in 43S nn socbaa in n. 
n.noloa noolas par 










































































D—portion Q£ exawvi freg eaieltaa k«plAnit« QITIMBVI epa^^fff 
yolvam o£ clay oxaxryi ooaapifix t&hm 
Volusw o£ phosphate bu££ar (pH->7) addad 
^tQl VDlinea of luixturtt 
X5.o^ p«r U t ^ 
1S« ml 
as ml 
Anoynt o f 
oxanyl In 
c l o y ox»» 
ffiyl ocwip* 
l « x in »• 
KOIQS por 
























9.6 10* SS 
Vol . o f 
n c t a n t 













bwicii a t 












Ion a t 30^C 
Anoimt o i 
oxanyl ds* 
•oi^ad i n 
n.noloa 
par loog 











3 . e i 
Pt f lQnt l i^ '^ ^ 6o^C 
iOsaor* 













Amount o f 
oxaieyl dUih> 
•ocbad in n* 
iBolas par 













h vtudy o£ th« Kin «tics o£ adsoiriftion of oxanyX on H» 
lis* ana Ca-kaolinitis at 30^ ana 6d^C abovod ttmt the ^^auosot 
adsocrtior; rata oonstant k^  cbtaltiod by th«3 £lrnt ord t^r rata 
oxpiaaaioo and tha Lindatror nodal %rera oi: tha aansa crd^r o£ 
Btagnltudo (table i»K2} in a l l casas* Slight aaviaticmTS* i f any« 
warn dua to tho di i f icul t i ss inbarant in t±@ a9rr^nn<3nts and 
vmt9 vlthin atxaptable axj^jric^mtal rioi^a. Tha valucm oi tiia 
dasort^tiMi rata cscsatcsots k^* ho^av^r* deviatad a|:{:racic^ly vhmi 
avaluatsd by th3 tindateoc; nodal th^^ by tha rata axpraoaion. 
7ha daviaticHia oould ba due to tha £act that tha Lindatnos; at a l . 
eodal was derived £or cases o£ idaal gea adsorption on a hoso* 
g^ maoua aurface and waa baaed up(»n a LanQRAair typa ralationship. 
Kaolinita did not pxovida auch hosoganaoua rmctivi sitaa ior 
oxra^l intaraction* Thia alao r^aultod in a aoMauhat di££erant 
tanporatura dapandanoa o i k. in tha two ai^zoachaa. I t raaultad 
in a diapadty b«t««an tha Kinatic para^at^ra for tha dUiaoxitioo 
prooaaa i£ calculatad on rata Im baais m& LindatroiP nodal. 
Thia diaparity bat«M»«n tha daaor^ticm pfiraniatart %raa dua to acti-
vation anargy o£ daaorption. Within tha raonga o£ asetarimantal 
•rxor, th0 Lindatrem at a l . Modal proirldad a aatiafactory nathod 
for ttia avalUAtion of tha adaociption kinetic rata oonatanta in 
eaaa of tha aorption of onaayl on kaolinita claya* Zt« howavar, 
failad ir eaaa of a prooaaa lika anaetharnic €aaoiption. Sueli a 
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o£ phospb«tt« wiaorptlcm on e»leit9. 
Th« rat* Constanta ahowad only a ainail chonga batnaan 
303-333^K, Thla «faa indlciatlva o£ the £act that tho itiac£ianl«JB 
of aJbK>rptlon of oxamyl c»i kaolinitsa waa {i^ robably 3t&>Jact to 
physical rather tlian chamlcaX control. 
Tha valuer of tt^ rata oonat«nts for tho aasorptlon of 
oxaisyi on kaoiinitaa at both tha ta^paratur38 ti^ ra found to be 
largar thm dasorption rata oonat^^tat The adaorxtion of titi® 
paatlcida waa thua featar tiim i t a daaorptlon, Iha r^sulta itara 
in agraainant with tha eotlvation anargiaa tfMlch wara lEound to ba 
lowar for the adaorpticti procasa than tha daaorptioa pcoosaa 
(tabla hiai), Tha activation anargi^a furths r aho ad that 
adsorption of oxamyl on Haoiinitaa waa in the ordar B.kaolinita> 
Ka-kaoiinita > Cft-kaolinita. Mao i t waa itora ^aifficult to daaoib 
oxamyl fxom tha H-kaolinite than free tha basa aaturat^ onaa. 
An axwRination of tabla I'XXZ further ahowad that tha fraa 
anargiaa of activation Z^  G wara highar for tha daaotption of 
oxaatyi th«n tor adaosption in a i l caaaa. iha vaiuaa incraaaad 
with ta«p9rati»r«, Sinca A o^ raprasanta tha anargy barri r^ and 
govacna tha raaetion rata* tha adaori^tlon rata waa faatar than 
tha daaaxption rata. Mao tha rata of both tha pcooaaa daeraaaad 
«dth a riaa in taav>aratura. 
Tha anthalpiaa of activation for tha daaoxs;.tion psocaaa 
wara high r than for tha adaotption raaotion. tha low valUMi of 
xu 
•nthoilpy Qt activation point«id to the pxobabiiity o£ ox«8iyl 
adsorx^tion beiinQ dua to van dar ifaiU.0 forces« h hydxogan bond 
Cocmation bitK^on ii»kaolin! ta and o^aitr^ oould occur «« follows 1 
KacT" •"• 
CB 
H • C • l-'tT t :a«^ 
«»h3ra R •» CCS3J l^  «> c •> C « 1^0-
7h3 pcoposition »aa in acoordar.c^ with our aarli <r worH in tb3sa 
lal^oratoriaa • 
Th^ pinocaaaes oS adsorption and dssorption yioldad 
rtagativa antxopi^fs o£ activatiow at both tha tscsparaturas. Tha 
nagatiVQ antiopiaa o£ activation point9d to £onmtion o£ activa^ 
tad ooflnplaxaa by aascciaticm o£ oxacyl and tha caticmic kaoliritaa 
with raauitimt loss in tha int^xnal dagraas oi iromdcm of ootaffyl. 
A hiQhar nagativs valt«i o£ antiopy of activation during adsocp-
ticati was in accordanca teith faatar interaction during tha foxward 
ffaacUon* (iagativa an tropins of activation during tha daaocption 
proeaaa wara dua to t a passing c£ tha oxasyl kaolinita owsplaxas 
to activated statas bafo»t dasoxi^  tion^'* 
Thaadaorption-daaorptioA rasctions could ba ragacdad as 
aquilibriuai procassas* tha point o£ aquiiiuriusi baing dicta tad 
by tha ralativa anarvi !S of tha raacttfits and tha pioditcts. 
thasa oould, th>rafioca# ba dafinad in tanas of tha thaKPS^^anie 
172 
quantities* The th«cfnodyna8de pmtsmQtMtB for tJia adioxption o£ 
OKMiyi on H., Ka** 4BRd Ca->Haolinitas aro givan in tabl« LXIZZ. 
An wftaminatioo o£ tba tai^la ahowad that in al l th® c^aaa tha 
vaiuas of tha •quiXibriue oonstant vara iacgor than unii^ indi* 
eating th^sa^y, tha oxaicyl had a high prafarenca ior tha kaolinita 
3ur£aca« Th® valuais aiao indicatsd that aaaort-tic^ o£ c^ s^yX waa 
lo«>ar at tha highar taRiparaturaf a fact in acoosd^.ca tdth the 
axotheRGic nature o£ tha 4!djiorx^ tion ptecasa. Tha valuta o£ iC 
further indiccit :d that thj adaoxption o£ ox@ir.yi on tha d&sr 
8ur£aca foXiowad the ordar lUkaoXinita > Ka-Icaolinita > C«» 
Kaolinita* t'a^jativa Citiba £ra« energy ch^gat ( AG) during 
adm>rption e£ oxacyl in Gil tha cas^s allowed a B^pantemoity o€ 
the intaraotion* Tha Biagnituda o£ Z^  G valuaa in tha ranr^ a 
•0*63 to *-l*69 Heal nola furthar shovad that tha intaractics) o£ 
oxainyl with kaolinita r^aa an aiaozxtictf} pcocass o£ th^ isaaaa type 
«a that o£ y BMC on bantcwita or o£ {ideloram on •oila'^^* 
l>iagativa anthalgiv changes sug^.astad a strong i^inding o£ oseaB l^ 
to the kaolinita aurfaoa* t«agativa entropy <d)angas ( A B} ware 
indioativa o£ th^ tmet that tha adaox^tic^ coa{>laxaa o£ CKaayl 
forvad in a l l th^ s casaa o£ Kaolinit«i ware atabla, Aaaoeiation* 
fixation or iaaiobiliaation o£ the oxanyl soleculaa aa a r suit 
of adaorption raauKuid in a loaa in ttm dagraaa o£ freedom o£ 
the paatioide eolaculiaa giving rise to negative entropy dhanyee* 
in 
Th^riGod^Dasiic H*K«cXlnit« iCa^Haollolta Ca->kaolinit9 
303®K 333**K 303PK 332pK 3o3pK 333®K 
cons tant <I9 16.43 9.38 6,42 4,24 2,97 2.53 
A o (kcal irole** )^ *1,69 •'1.46 -1 ,12 -O.dS •O.dS «0.62 
A H (kcai caoXti**) -S.^B -2 .79 -1 .07 
A 3 ( cal coU"^) -5,62 -S.82 -5 .51 - S . B l -1 ,37 -1 .37 
X74 
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PMIT It Silkies on tb« tlidmodyticintos ot nlo&el excbax^e OQ 
r^ rcT l i t Stttdie* mi tbe tbereodynasics of nickel exchange 
CHAPTER - V, t>y|«T » 1 
Tti« replaotwent of oat tons is oo® of tlse nost iaportant of 
all 0011 p&ectoaena stnoe it largely eootrola tbe storage oapaoity 
of a toil for plant ootrlcot eleseota. loo axcbenge was recognised 
ae early aa i8%0 hy Way, The exobange reaction it govem€»c'. by a 
oiMber of factors attob as pH» nature of i(»is on tbo excbangers and 
in soltttlonir and type of olay aineral* Aocording to %'iesner , for 
i(ms of equal valenee, tbose trtiiob are tbe least bydrated have tbe 
f.reatest energy of replaoenent and are tbe aiost difficult to 
displace froM tbe olay surface, f^iobom's work on oaloiue. cbabnasite 
sbowed tbat ion exebange is a reversible process to tdiiob tbe law 
of mass action could be applied* m early as 1913 Oans and later 
Kerr successfully applied aiass aotion law for icm exchange studies. 
The equstions derived by Vanselow' and KrisbniMioortby and Overstreet 
yielded satisfactory results for equilibriuM eonstants for tbe 
excbange of aieial oat ions on bentoctlte olay. 
IHariof tbe last two deoades» this subject bas been given a 
rigorous trestsient by aany workers'*^ and tbe eoneept of tberaodynaaio 
treatnent was introdueed in clay oboMistry. Insplte of tbs bugs 
Miowit of work done in this direetion tbe subject is still a siatter of 
•ensIAerable debate • 
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Niektl ••rv«t • • an toportaiii tract alanent in plaot 
Butritioii and ita fomttlatioBv ara alao uatd aa pastlcidaa. It can 
undargo ion esebaa^a raaetlcm with olay** 1%« fata of tbia alaaient 
In plant and aolla htm attraeted the intareat of aoil ebaaiata. In 
tbe atttdiaa reportad bara tba lataraotiona of aloical ehlorida vitb 
Ka»« Ca« a»! ?^-aiontiporillcaiitaa u%re carried out. For tttaaa 
reaetlima tba tbemodjftiaiilo pariMotara llica l^ AO t A^ and AS 
««ra oolealated by tafclng racoiirae to the tiiorBOdynsKRio vodala of 
lOolS 
• a r l t a r workara "^*'' with a view t o Interpret the reaulta obtalnad 
In tbaaa atedlaa* 
TaCORt-TICAL CONSIDEUAHOHS 
In tto ideal ton axehai^e prooaaai «toicblo»otry and 
revara ib i l i ty are the preraquialtaa. If i t la aasuned that c lay 
behavea as an Ideal Ion axcbuigar, tba Ion azobange proceaa for 
di*divalent and taii«-dlVAlent axobartj'ea can be abown by the fol loving 
raaetiimat 
Ca • HlClg * ~ * » m • CaClg . • . . ( ! ) 
2i<a • NiCl, ' ^ ' ^ ifi • 2!laCl • • • • ( 2 ) 
wbara barred qnaatitiaa rafar to tba aQOilibriiii i^enoentratiOB of ioo 
eonearaed In elay and unbarred that in tba aolutiim pbaaa. 
flia ^emodynaale a^uillbrlan eonatant(K) for the abora 
n8 
rvaetlon* ea» be aefiittd liy tbe •xpvatBiaou «• per Laodelout^t 
In ff • In Kf, • la f^^ - I D f^^ • « • • • ( 3 ) 
In K m la ILj • la f jn - la fjjj • • • • • i ^ ) 
in «bl€^ f vtuKls for the sstrfaee aotiirlty ooeffloients ond HL for 
tise select iv i ty eoeffioients, w£iio£t for tiio above react tons are 
calcBleted*^**^ as. 
(*l^*«Nt 7"»"8 ^ 
1 ^ ^ --vn- • • , . • ( 6 ) 
HlClg 
uliere X refers to tbe efoivaleat fraetioaa of oounter ion i a the 
exeiiaager pteaae* X to tbe nolo fraotieaa of eoaater loo i a tine 
aoltttioB fbaoo (reletivo to ttie to ta l ao la l i t y of oounter ioaa)« and 
J to tlio aotivitjr oooffieienta of tHo apeeifle<t aalt in tlie aolatioaj 
K^ ia toHMtf aa atoiokioaetrie oquiliftrioa ^ootieat* 
fbe valaea of 1^ other than m i t y aeaaare the re lat ive 
dlffereaoe in the yreforeaee of the eolation aad exehanger phaaea 
for the two oaapeting ioaa. I f the tralue of 1^ la leaa thaa oaity, 
the oeaipotiai oation ia praforratf hy aolotion 9haae» ahile at valaaa 
hither thaa aaity the oeaiMtiaf oatioa ia pr9S*rrHl hy olay phaae* 
the aolatto* fhaoe nat iv i ty oooffieienta Y ^ ^ ia a iso i 
eolation for reaotioni i aad 2 wore onloalated aaiat the foUowtaf 
ni 
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rclatt«Mti i |Mi* ' i 
• 
** CaClg Jt C«Cl2 Y l CaClg • — S ^ S ( 7 ) 




^ a C l 
'^ mcig 
• '^CaClg 
• ' S l C I j 
jlaCl • " ' • • • • • * . ( 9 ) 
y 4; nicig • = S ( to ) 
ffie surfooe pbaee aotivltsf ooefftoients ( f ) aiKl ^ermodsmanio 
e q a l l l b r l m oooataat (K) msf be avaluated by daftaleg ttoe raferanoe 
atfttaa wttti ualt aotSvliy eoafftolttnta* l^aae are» for aaoli ioo-olay, 
tha boMolonlo clay in aqail ibrtun with an I n f l a i t a l y dl luta aolatloM 
• f tbat iMi* ffaadani atata fr aa axebaagar ia dafiaad aa tba 
ttaaelaato aatar ia l ta par t ia l aqail tbrian (a^ttl l lbriwi wiib T%»f9% 
to aalvaat aiULy) vl t l i aa tn f io l ta ly d i la ta aelotiaa of tba aal t of 
tba iaa ta «aaatiaa» fmt tba ataadard atataa la tba aolattoa, tba 
uaual aaaa ara abaaaa iibiob aaka iaa aottvt t iaa approaeb tba 
oorraaiMadiag aola l i t iaa aa tba aalata ooataat approaobaa aaro, 
Vltb tbaaa aaaaaptiaaa warfcara^**^' abowad tbat appltaatlaa of tba 
GlM»a»iHdiaa afnatiaa far d i luta aolattoa aailaattag tba aolvaat 
l8o 
aot lv i t r dorlns fti« •sobfliigo i«aa« to tb« rolloving «jipr«Mioiit*^* ^* 
for r»«etio»i i and 2. 
t 
la K « - t « 
8itrf«e« pbawe act iv i ty ecMiffloleota for di f ferent oatlcms 
loveiv«d to tlie asetiaBge raoottooa 1 aiui 2 oaa l»a avaloatad friMi 
following ospreasiono * t 
*«* 'ca • *N1 * • *fc ^ *b ^ 1 . . . . ( 13 ) 
In f „ | • ( 3 i i - t ) l » X ^ * J I n l ^ dij,^ . . . • ( 1* ) 
/ ^ l 
*» ' H . - *!ll •L^l ^ «tj) — J ^ «C * ^ 1 • • ( *5 ) 
o 
1 
and In f,,^ « 
llM pkyaloal olfnlfloanoa ana Inportanot of aotlrity 
ooofflolanft Itaa In tlia faot tkat it oorraata tif ooneantratlon tani 
for tka tntornotlon <na to olootrlo flold* the oorroetloa In an 
l8l 
• leetrolyte •olni lon is Mtieli Mi * l l« r tliaii fliat to 9lmy •vsptnsloa, 
b«c«fii9 tli« • l«e t r te f l « ld l a an •l«otrol3^« 90lntt«ii artslac frwi 
ofipostttiy oli«rg«di ions i» fMalwr ttian the • l«ot r io f i« l i l ta olay 
t&ieh t« dee to t&« <diiafi«# O I S F »«rf«o«* 
Snrfaes pbase aotivitjr eoetflei«Bt8 raprtsent tb« belisvloar 
of «Ei «xetiaiig«r for tho oxc^aagiag I<»M« I f %tt» •urfaoo pbaao 
aottvltjr oooffleteai f m t t y I t tadtoatea tliat ttoa aisrfai^ babavea 
as ea tdael oa«. Oavlettea fron oatty ooaM be eoasidared as aa 
iaataatlOB of hatarogaatlty at ttia aurfaea aad aoa-ldaality of tlia 
araten. I f tlia Taliiaa of attrfaee iiliaae aotivitsr ooofflelaata for aa 
ioa approaeti aaity froa aarOt ttiora is aa taoraaae ta t^onoganaitir 
l a tba dlatr iboti im of that ioa oa olay aorfaoa aail for the tmver99 
thara ia aa iaoraasa ia hatarogaaeity. 
flia aaoaaa faaotlaaa azpraaa tba daviati<» froa idaal i ty of 
tha hataroicoio axi^aagar with raapaot to piira hoaoioaio fern , fha 
axoaaa fimotioaa oa» tm iatorpr«ta<l l a t a m of frohahllltjti' or 
atahlllt |r« 
fha axoaaa fraa aaarglaa for tha raaottoaa t aad 2 oaa ha 
oalaalatad fraa tba fallawiag axpraaaloaa * *t 
A l ^ • IT{%f^ la fp^ • 3^j la f^A ( 17 ) 
i8i 
Mig«tlir« valfM* of •xeess free eaevKles ( A ^ \ iiMlio«t« that 
witli reepeet to pore iioaoionie foiw ttie betorflgeneoiMi oiirfaoe plioeeo 
are aore etaiila than tbey would too i f atoiag vara itfaftlf i«a« tiia 
aavtatten froa tdaal i ty eeeiurraa i a tiia aanaa of a «ora atal>le ntmtiira. 
I f tba valaaa of A < ^ x ^ poaitiiray i t taipliaa a davtatioa fnai 
idea l i ty i n tba aeoaa of a laaa atablo BixtiBra witti raapaot to idaal 
ono* 
t f axeiiaiiga iaotbanoa are datamiiiad for two or awra tanpara-
tnraOf tbe axeaaa beat of Mixing oan ba ealenletad froe tba 
teaiparattira eoaffieianta of awrfaoa pbaoa act iv i ty ooaffioianta uaioe 
21 
tba followiig axpreasion* t 
Magativa waluaa of axoaaa entropy (^  ^  ^ point to a aori tigbtly 
boBBd nixtiira of two iona on olay anrfaea tbaa tba pure fai«» wbila 
tba poaitiva valnaa point to a laaa tigbt binding af tba iana. 
After knowiiw A 0* and A flj| tbe axoaaa entropy of vixiag A ^ 
21 
aan ba aalaalatad froa tbe relatioaabip *i 
A i ^ - A i g - T A i J <**^) 
A ^ i« aenaidarad •• a neannra af raniaanaaa of tba diatr ibat ian of 
aatiana at tbe alay anrfaaa in aanpariaan witb tba pare fa i iM. Poaitiva 
i8i 
rmlvmrn of A l { i»di««t« • ditordtmd tfittrikwttoft of «tttioa» at the 
olay murtmem i4iil« ntgati^re iraliM»s« a mora onlarad diatrlbattan in 
eoaparlaon wttb tin jrmra tenia* 
mmmmmAt 
fba alar aiitiaral uaea io tbaaa ivvaatigatSoiMi vaa baatootta 
and otitainad trim *Atcli* in Hajaattiatt* I t wa« brakan tip Is a sartar 
minffi a mbbar eovtrad peatla* itia oisaato «attar vaa oxtdiaad wltb 
bydrogan paroxida aad tha vixtura dil«itad witb diati l lad vatar* Tba 
alay vaa tban diaparaad hy alaetrioal at i rr ing. Iba auapanaioa 
obtaiaad vm* fMUiaad l^rongb i^aata of libetaian f i l t a r p%p»r f t t tad 
in tba bowl of mtai^atidmnl Cb«nieal caotrlfttge at a apead of 5500 rpm 
to ra«ova any aoarae Mattar* X»ray dtffraottoa and otbtr atadiaa 
ravaalad tbat «atn ooaatlttaeat of tbta baatontta vaa •ontaortllanlta • 
mmfhrninm OF H9»nmmmiu,mvm 
Iba <2k9lmy aaapaaaioa vaa ^ a a traatad wttb aodiaa eblorlda 
and dilota 801 till tba eoaeaatnitian of tba anparaataat liquid was 
2tl with raapaet to aodiw oblorida aad 0*iit witb laafMiat to HCl* fba 
•ixtora waa abak«tt for half aa boar aftar uliiob tba aoparaataat aeid 
aalt aolatioa wao raaovad froa tba olay by daa«atati«a* Iba olaj waa 
again traatad witb aalt aolatioa* abakaa for half aa baar aad fraad of 
aoparaataat liqaid* It waa tbaa waobad witb diatillad watar till tba 
alay diaparaad aad till tha oaadiaotivity of tbo aaapaaaioa waa of tba 
aaaa ardor aa tbat of diatillad watar aad till tba alay baaaaa fraa 
af oblorido iaaa» fba auapaaaiaa waa tbaa atorod ia glaaawara aad aaad 
wbaa ro«airo«. 
\8Li 
to ol>tai« tut ealciwi and «•(»•• tus MonteorilloBttt 
•ttttpeiwloiWt tb« 0odiuM ol«y 0t«{)«iMiioii wa» treatad with ilia aatwrateil 
aolittiaiia of ealetuai ofalorida and aatBaaliMi eiilorida laapaotlvalir. 
fba olay a«ia i^Mil<Mi «aa vaaliad tttorotiglilir witli dtati l lad vatar t i l l 
frae from eblorida toas and t i U ilie ooi^iietanea of iiie f i l t n t e in 
aaoti eaaa tiaa of tlia aa«o order aa ti>ai of dtatil lad vatar. 
PRf;PAlUTI<m o r niaBOCEK SATtmAT?l) HCirrMO^'ItLOmTE 
Hfdragan aaturatad H»ataorllloatta waa freably prapared vtda 
Aldrloli and BeotimiaB*a^* aathod fron ilia auapaasioa hy paaaing i t 
tbroogli a eolma of B->Doirax«50V*XB eatiim axebeaga raaia at a apaad 
of 3 a l fwr aianta t i l l the pB aad ooadwBtaaee of the aaapeaaioa 
iMtooBie efiiiataat« 
mvFmmnhrim <y COWCIHTOATIOW or acsptjtsioifei 
tlia coaoaatratieaa of ttaa aaapeaaioaa vera datamiaad hy 
evaporating iO «1 of a a ^ of the aaapeaaioa ia petri diah of itaowi 
weifht aad Arfing the reaidoe at i05 C aad fiaally detemiaiag the 
weight of the reaidoe* 
P B T t i m A T f O W o r CATIOW KXCHAir.E CAPACITY 
etc tf9 detemiaed hjr Oaagttli*a ' aethod* 
laateatat tataratad aalatioa of potaaaiiai ohloride, ataadard aolatiea 
of Hon aad a<»aaat«orilloatto« 
i8^ 
Prwaayti A 85 al •t R-aontaorillimit* sutfieiitloB was tr««t«d wttii 
25 Ml of ffaturat^d •olniloa of potaosiwi oiilorld** After atiakiBigy 
th« 8i»|ittiwio» ««• ic«]it 0V«nlgfot, mnA the bytfrogea ion lUmr^t^a^ 
wa* titrated with ataadard XCB aalotiea* 
EXCgAJiSE EXI»EaiMKJir8 
9lie l e of the aoapeaaioat «aa adjuated to «.0 witis d i l SNO* 
to preveat the poasibility of bsrdroxide praoipitatioe aad to provide 
for a liQfferiag aetion* 
Hie exoliaBge «ae oarried oat Iqr takiaf iO at aaaplea of lte»» 
Ca« oQd tIgoaoatiBorilloaite eoapeaaioaa ia a largo ttvi^r of glaea 
stoppered tiAieo^ addiag varioaa ooaoeatratioiM of 0.05N Niokel obloride 
(vide tal»lea 1X9^ LXni, UX, UKSS, UEXIIZ aad LXXV) and adjaatiaf 
tlie atxture to 25 al vitb diatil led vater* flie tabee were ahaiiea for 
6 lioara at 50 ^ 0»i C ia the firat aet of experiawats, and at 
60 ^ O.i C ia the aeooad eet, ia a themostatio water heth to attaia 
eqailihrittB, fhe alatures were tbea oeatrifaged aad the oatioaa 
eatiaated ia the aaperaataat l i ^ i d a a* followai 
Mi wee eatiaated hy the aethod of fiellley et a l ^ . 
Beaieattt ttaadafd E*P*T«A* *olatioa» oopper^aolatioat huff or 
(ffl m %«5) aolatioa aad PAN-iadieator aolatioa ia ethaaol* 
freoodaret For the eatiaatioa of aiokel ia elay aaopeaeioa* a aolatiaa 
of eopper-pAN iadioator wee f i rot prepared ly taldUi« 8 at of W/lOO 
\% 
e^per salfAU •olntioa in a 50 • ! ^ok«r» aftlafiog tritti d i t t t l lva 
««t«r to aboat 20 a l , adding 9 M1 mt b«ffar •oltttian, wamiiie for a 
fav aeoonda and tben adding 5 drepa of PAK iadloator* A bianic readiac 
for tha indioator ima takao hy titysiiini; i t asainat atai^ard S^«I»«T«A« 
aoiotten to a yallov and point, To tbia aolntioa i BI of tba olaar 
aaperaatant liquid of olay aoafMsttaioii in «bi<^ nielMii vaa to be 
eatiimted iroa addad and tben tba antira ocmteata titrated against 
tbe atandard E#D*T,4. eolation. Trcm tbo VOIOB^ of r^ »D*f«A* required 
(ainne tbe blanit reading) tbe aiK>iint of aiekelXin tbe eolation |Aiaee 
wae deteijiiaedltbe monnt of aieiiel in eolid imae vae obtained br 
difference (nioteel added* niotcel in eolation)* fbe reealte ere 
recorded in tablee im, tlVXX* UX, tSXX» LXXIXI and IMKV* 
Sodioa «rae eatiaated flaae piloti»etrically« ror tbia porpoae 
a etanderd ciirve in tbe range 0*25 og ^a 50 ajjof eodim wae prepared 
aeing MaCl etaadarde end ia giiren vide rig«i6* For tbe eetiaatien 
of eodiaa ia tbe eler euepeaei«B, 0.5 al of tbe eopematent liqtiide, 
in eeeb eeee» were dilated to 50 «1 and a reading, token on eyatronielc*a 
flaae photeaeter aeing a eodiaa fi lter* fbe reealte are recorded ia 
tablee UdT aad UtTX. 9be eenoeatratiea of eodioe in oley pbeee wee 
obteiaed by differenoe (8KC-ooaeeatratioa|in eolotiea pbeee)* fbe 
reealte ere given in aeae tablee* 
RSTIMATIOM W ChUClW^^ 
tentet Standard l.b.T.A. eelatiettf baffer (pM-ia) eolation* 
•arexide iadioatar (0*1 g aarestdo • ^ • l^t«^)* 
Conctntrot^on of Na In ppm 
Fig. 16- Standord eurv» of Sodiu/n using 
fiamt pholomttry ttchniqu* 
l87 
rro—attr»i f9r tbe detemlBaitoii e f oaloloa In tii« oiair aiMipAastoa, 
2 • ! of tb« •tiiMnistaot l l«ota vat t«tt«n In a f la tk* To i l i is 5 «1 of 
a Imffcr anlattoa of pll«i2 along witti 0.3 6 ot mirtxlde waa addad and 
ttia oontanta tltiratad nHfe atendard E«0.f *A* &olaii«a to a pnrj^la «nd 
point, rron tba voltaM of E*i;.T«4« oaad Q|> (ntnita tlia blanlE) tlie 
anoont of ealoion in aolntion vaa ealoolatad* Tba raattlta ar» 
raeordad i n tablea unnsi and itSl, ft>e eonoaniration of oaloiun in 
oiajr ptiaaa waa obtained by diffaraaee (Bne» ooooeatrationjin aolntion 
^ a a a ) * fba raaalta ara givan in tba a«8a tablaa. 
ESTIHAf low or WAOHKSHil^^ 
jaa|ant£i Standard i*D«T«A* aolotion» Erioebrowe blooic * f * indicator* 
(0*5 g of indicator • %«^ g of bjrdroxylanina bydreeblorida in loo a l 
of natbonol) and 2% NaCW aolntion* bnffar (i^«»iO) aolntion. 
Procadnrai ror tba aatination of nagnaaian a 2 n l portimi of 
aopamatant liquid of olajr auapanaion vaa taken in a b^^aaicar, traatad 
vi tb 3 a l of bttffar of pB»10y 5 dropa of ariochrcna black *T* 
indicator and i n l of 2% Kadi aolntion* tba oontanta vara tban 
t i t ra tad v i tb atuidard I?*0»T»A« aolntion to a blna and point, rran 
tba voliaaa of E.O.T.A. aolntion naad np ninna tba blank* tlia awonnt 
of omgnaainn in tba aolntion i^ baaa vaa oalcolatad. fba aamnaaiMi 
oontaat in tba aolid elay pbaaa vaa ^ ta inad bjr diffaranaa (BRO* 
ewiaantmtionjitt aolntion pbaaa). Iba raanlta ara racordad in 
tablaa U O I I and U Z I T . 
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TABU, uciy 
Egttmtioa of todtii tor f law pboto«<itry in th» •qullibrliMi 
»tt»p»B»iwi dttrtBfl godtttPHtttoif li •xcftaage at 5Q C 
Conecntration of SOCHUB aontttortlloiilta 
•oapenaioB • 12*9% g p«r l l tra 
Voluaa of aodlm ««iit«orilloiiito aoapenaioa 
taken in diffarant tubaa • iO.O a l 
Total voluaea of ttia nlxtiura • 25 ml 
C£C of nontnorillonita • 72 aieq par 100 g elsy 
riMia i^otonatar Holaa of Na/iitre in Meq of Na/tOO g of 
raadins tba equiltbriun nontworillonite in 
suafienaion * 10* •^"'^ ****y 
9 1*97 68.2 
20 ^.35 63.6 
2% 5.22 61.9 
55 7.61 57.5 
kO 8.70 55.3 
*5 9.78 53.1 
55 i l . 9 5 *8.9 
63 13.69 «5.5 
65 1%.13 %%.7 
66 1%.35 «4.3 
68 14.78 %3.% 
78 i5.65 %i.8 
70 15.88 %8.6 
m 
TABU: L3£V 
EstUwittoa ot ntolfl. by wr«»ii» titrattwi (CopPT»PAN —tbod) In 
th« tqutltbrttMB •tmmnmtnn Omrlm •CHltttii^ picteal exchange jit„y> C 
C<»ioei3tratlon of snaiim-noataorilloiiite 
•tt»p«n»lon 
Volmm ot eodliiai-ttontnortliiHitfe •oepeii* 
•ion tatcen in different tidiaa 
Strangtb of nlokel aolntAoii adided 
Total volmm of aistare 
Volme of aopemotant liquid tateen 
for titration 
Ooneentration of EDfA aolatlon 
12*94 g par l i tre 
10.0 «1 
0»99 § pe*" l i tre 
25 «tl 
i • ! 
2 X 10' 
• o l . of Hi 
eola t ion 
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Bttiwitiwi of •ckltw by fl—« rtiot<wtry in th» ggBiltbrtai 
pwp»n»ion dnriat (ieaitt»»aioim •atcfaamig at 60 C 
Conotatraiioii ef •o(!t«»*«ont»oriIloatt« 
•tttf»«i»ion • 12.9^ g |Nir litrtt 
•eloM of •odia»-m>nteortii<zaii« 
•it»iMa»IOB iakttt in <liff«F»Qt tiib«» • 10*0 a l 
fotal voliaM of aistare «* 25 a l 

















Moles of Ma/lltro la 
tti« •qoiiittrftaa^ 
•ospeasion n t€r 













1 ' " 
n»q, of Na/lOO g of 
aoataorlll<mlt« ia 
















E»tlw»tioB of niclwl toy WTOHW tttratioa (CoppttwPAK t t t i c O %m 
Coiw«iitratioii of •o<tla»-M>iitBM>rillMiit« 
•OtpfiBSiOtt 
VolOM of oodioiHioiiteorilloiiito •tttponotoa 
takosi i s difforoat t i ^ o 
stroagtti of alekel oolotton addod 
Totol voloMi of alxtiiro 
Voliwo of OBperBatatit liQitid tokoa 
for titrotloB 
Cooeoatrotloii of fOTA ooltitloa 
• 12*9% S P«r l i tro 
10*0 ma 
0*95 @ per l i tro 
25 «I 
1 «1 
8 . 10-S 
Vol* of ni 
solot ioa 














































Moloa of Hi/ 

















• ' * •• 

















R«tt—it»« ttt oaioiwi liy ir»w»«» ittr>ti<wi (wMrggtdf — ttiod) in t>« 
CottMiitraitwi of ealotoi •oRtaortlloatt* 
•iMipmivioB « 8*98 g P«r l i tm 
•olMM of ealoini mmtmorllltmlUt 9V»p99^ 
•ioB tatieii in dlff«r«iit ttilioo • 10*0 • ! 
Total velwoe of aixtiiro » 25 • ! 
VolvM of oniioniotftiit liquid talma 
for titration •• 8 «1 
Ceiicetitrati<m of i&TA aolution * 9 s iO*if 
CB6 of iiontnorillottito • 72 tmq par iOO c olay 














1 " " — " " • • — " •' 
Nolaa of Ca / I i t ra i n 
ttia aqoil ibrioa 














% ' " • 


















B»ti—tion mt ttietol »y vr—a» t i t ra t iw i (Copi>«r*PAlt —mod) to %h9 
»tittlt»rti» «ii>p»mlo» during •alotiw-atciwl oc lmnf at 30 C 
Ooii««iitrcttoii ftf oaloiiHHMNitaerlllfMiltit 
VoloM of oale&iHMi(«BtaorllliMilto ftusfMm-
•iott taicoti to difforoat tvSitm 
Strongtb of Biolcel solation oddod 
Total volma of ototttro 
folOM of •apomataat liquid talEoa 
for t i t rat ion 
€o»eeatratiea of EDTA aoliition 
• 9*98 t |>or l i t ro 
• iO.O Hi 
» 0*95 8 P«r l i t r o 
m 23 «1 
• S «1 
• S X iO*Sl 
Vol. of 81 
•oltttioa 













• ' " I " " • 











i l . 6 0 
i%.a% 
15.«8 
i i .5% 
" r- " 














'" i ' 1 
Noloa of M l / 
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Eattoiatien of calcioB liy wmvumwm t i t rs t t tn («iir«iltf» —ttiod) in the 
•qotlt^riyn »q»paiuilon dtorlag ooleiii»-nioIc«I •»dfa««g» at 60 C 
Ctneantratlflo of oaloiii»HROBt(BoriIloiiit« 
•wpenaioB • 8«92 g P«r l i tre 
Toliaie of oaioioa •omtsorillonita aitapen-
•ioB taktn in dlfforsat tti^o m io«0 ail 
Total volwa of aixttire » 25 ml 
ToloBO of anpamataiit liquiti takea for 
titrRticm • 2 nl 
Conoeatratioa of ntftA aolotioa • ^ m iO*^ 
crc of Bostaorillonita • 72 araq. p9r iOO g ol aji' 
Vol* of e,0«l',A« uaed MoUa of Ca/litr« in Mcq* of Ga/iOO g of 
tite aqttililiriiai meiitnorilloiiito i s 
auafieasioa x 10 •olia oiay 
0*06 0*15 71*2 
0.20 0.50 69*8 
0,55 0*83 6 7 a 
0,S2 2,09 60.9 
1.20 3*00 95»8 
4,50 3,75 51.0 
8.00 5.00 %4.0 
2.35 5*88 39.1 
8.90 7.25 5Uh 
3.39 8.38 25.1 
%.00 10.00 15.9 
^•85 10.83 tZA 
5*00 12.50 1.9 
I'^ 5" 
fms ucxi 
Coneeatratiwi 9t ealeiiMHiOMt«orill«iiit« 
•atpesuiioa 
VoloB* Of ealolWMiBiMitaorlllonit* swipeii-
« 8*92 S per l i tre 
• ico taken ia (Siffareat tuilMia 
Strength of niekal aolution addod 
Total volOMi of nixtare 
Voiutta of attparnatattt l igold takaa 
for t i t r a t i o n 
Coooentration of IIDTA aolatioa 
Vol. of Ni 
aolution 


























! • • • « 
» — 












t 5 t . 3 
85«.7 
• iO.O a l 
• 0.95 g per 
• 25 e l 
• i lal 
• 2 X lO^Sl 
1 1 1 1 1 , 1 1 , | . I l l 1 1 
Holea of M i / 
















l i t r e 
















g > t i — t i l l Of — t a » « i i i by w r w n » t t t rn t toa (grtoohro— wthdfl) to 
the •nnilihriim >titptp»ioo dtirlaj^ a m t i w i f ^ p t c k n i •xcliiaagtt •» 30 c 
Coiio«atratioii of ••gB«tiao»«oitt«orllloaito 
•aspDiwicMi • t8*$8 g p«r l i t r e 
Volmm of aagBosiaa-wootsorilioiiito onspeii-
• ioa takoit in difforoat talMS « iO«0 n l 
Total voliaie of aixturo • 25 i i l 
ToloBO of •opomatant l iquid talcen for 
t i t ra t l (» i m 2 ttl 
Conoeatraiiou of LWA aolution • 2 ^ tO tt 
CPXi of •oataeri l loBita • 72 aaq* par iOO g OIIQ^ 
Vol* of E.n»T,A« uwd Ifolaa of ffft/litro i n Maq, of ?%/iOO g of 
tba adtt i l i l i r iui ecmtPiortllfmita in olay 
aoapanaitti x 10 
0.20 0*20 71*8 
0*80 0»MI <Ml*8 
i.OO 1.00 69*0 
1*60 1.60 «5.6 
@,20 2«20 63.9 
£i.60 2«60 61.7 
3.20 3*80 59.3 
<l.78 %.7« 53.3 
7.00 7.00 %4.2 
a.%0 a.%0 3A.6 
SO.OO 10.00 38.3 
i t . 8 8 11.28 27.% 
11.68 11.68 25.0 
f2.00 12.00 2%.3 
1^ 7 
R>tt««ttMi of alcictl »y wr«»n» titrftttwi (Copp>»»PAli —tJioa) in thg 
tqatllbrtaii •tMiKHMiIwi <itartng •MMiagiiiMH>nicitel «iioli«iMia at 30 0 
CcMiottitrsttcn of a«gii«sltM<*«i€»iit»orillCKilte 
•ttflHNUllCHB 
?oltaie of ma^tteitmhmcotmorillimlte sti8i>ea-
• 18.58 g pT l i tre 
• ioa t«tcen In aifforeot ttibftt 
Strengtii of nickel •oltiti<m (t4<l«^  
Total irolorto of oiixtiire 
Volute of snpemetQiit liquid tutmi for 
titrfttioB 
Coao@atrittioD of WTK oolntioa 
Vol* of m 
solot ion 

























«.<0 77 . t 
6.M> 108.9 
8.40 18t.« 
i i .ao i9««« 
i%«oo i io . i 
17.00 809 . t 
• 10.0 IBl 
• 0.95 g 
• 25 • ! 
. i « l 
per 
» 2 » iOTi 
4 ^ - '- " 
Mol*0 Of M/ 
l i t r e ia tbe 
OQHililiriUM 















l i t r e 


















Cone«ntratton of aagneslOB nontaorll lontte 
•atpcnsios 
Tolan« of aiagnosiu>MK>atiiorlll<»iite suspea* 
• ion taken in d l f f a n a t tutiea 
Total volmie of nixtora 
Voltwa of aopamataiit l iquid talcan for 
t i t r a t i o n 
eoaoentratioo of KVffh aolotioo 
CEC of ttOBtaortlleiiito 
• iC«58 g per l i t r e 
m 10*0 111 
m 85 • ! 
• 2 B l 
m 2 3t 10 N 
• 72 aieq* p«r tOO g l i t r e 
T T 
Tol* of r,,D»T«A* aaed Moles of H s / l i t r e i n 
the equil ibritM 
anapention x 10 
Meq. of Ms/lOO g of 













































g»t i»»t t« i of tttelwl h9 •»r»>ii» t i t rat tott (COPPT^PAH —tbod) la iii» 
CcmoantratiOB of «agnooliMh-««»itaorilloiilto 
•ttPpeMlon 
VoloHie of ai^ nse si OBMiotitaoril loot to suspea-
ftioaa talcea In dlfforeat talMi* 
Stroagtii of aiotcol •otation addod 
Total voloae of alxtora 
ToloBo of •aperoataot ltqal<S takoa for 
t i t r a t i o n 
Coaeeatratioa of UHTh solutioa 
i2»!58 g por l i t r o 
iO,0 • ! 
0*95 g por l i t r o 
25 • ! 
1 al 
2 m tO*Sl 
"" i 
Tol* of Hi ?ol* of 
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1 " ' ' 
nolo* of Hi/ 




































lb* «rott«iig* #qiiiU1irl« lMtif*«ii tHe •ttrious b«t« mttirat«a 
iioiitsoriIloatt«« and oiek«l eoulA !>• A«sert%«il toy t l i * •qsatteii 
^y * ^ t ' ",' ''^ *iKi * ^ • • • • • ( ! ) 
«li«f« ar « Ha \ Ca'^ '*' or 1^'*'^ and tite t»arraa ^naBtlttaa ivfcrrad to 
tHe OQalvaHitt oonoeatratloaa of tlto too ooaoarQed io tbe olny iiiiaae 
and uDlkarred tite eoQonatratioBo its the aolatlim* ^ e oQttivalfst lonio 
fraotiooa of Hl« Ha* Ca and Wg in tlie «o«tiiorllloait« t>^ aa« «or» 
oaienlatea froai tbe ozproaaioaat 
%t • 3 1 ^ 5 « i P t . • • . . • • • . ( 8(a) ) 
^ 0 fliola fraetlon of llt« KTa^  Ca aad lig to tHo aotittton i^aao mm 
oaloolatod frooi the •xprosatoiiai 
iilion C vaa tlie total olaetrotyto ooooontrattoo (aa^ i^r 100 s) to tho 
9lmT piiaao and • Uia total Molality of olaotrolyto to tlia aotation 
iMiaaa* tho Talnaa obtaiaad tooth at 90 and 60 C a n giiran to tatotaa 
iXXVX to UDEIX* may iiaro plottod on4 fava ox#iaa«o taothama irida 
r t f • !» oorvaa 1 to 6* Alt tho oarvaa daviatad ftos tha dtafonal 
t«aioatt«K dtvaraa fiofovooooa of tho toaa for tho olay aortaoo* fhtia 
aa oospaiod to llt» Ka vaa firaforrad thronghoot at hath taH^rataraa 
toy •ootaorlllooitot Oa ahoooi a oaloottvitf tOToraal tooth at 30 a«d 
<0 e ahtio 1% ahoKOd a ooloottvity toYoraai at 30*C only* furthor 
tho afftotty of Nt for lla-«o«twortHo»tto inoroaaoii with a rtoo to 
t tap 1 rat wo l i i t la that for Oo^aoatMortilootto Aooroaaod* tho of foot 
FIG 
0.2 0.3 0.< 0.5 0.6 0.7 O.d 0.9 
Equivalent Ionic fractionsof Nickel In sotulion(Xf^f) 
11' EXCHANGE ISOTHERMS FOR NICKEL ION ON Na-,Ca-AND 
Mg-MONTMORILLONITES AT DIFFERENT TEMPERATURES. 
in tli« MM of f||»dl«y Yarttdl aeeonlinK to tli« ooiiMiitniUott of tli» 
Hi ton* FroM «bo«« ootttiOoratiofui It eoQia tee iaftnrcd tliot tbe 
prttortneo of tto ioiio goaonilly vorlod in tbo of4«r N«> l|s> Co> Mi 
• i the o^oivalont ienie fmotion of nielcf i ttboio 0*70 in oolntion. 
Ifowovort in tbo iiotoroToIont ootiosio oxobongos ubicili cioro pen^fisoS 
witboQi oajiisting tho ionio oti«actli» tlio diogooal line daniiot be 
.tot.a . . . »oD.pnf .» .» •«»n>tl<» (4G* . 0) t . . t< . .n « i t 
depends on tbe imtio etteni^ of the OQitilihriea eolation* 
S i^B® ttie anatio of aetiirity eoeffiotente ae itnity^^ in the 
dilate range of oocoentretion etttdle^t ^^ * eelectivlty ooeffioiente 
©t imrions valoce of l^| i#ere oaloaletca fron the relatiimiihlpe • " 
« %i (^aJ 
m tw I 11 i i ill • • • • • • • « • • • • • ( 3 ) 
and 8^ 
file •aliMff of 1^ efttained en^ their vaflatioa irith trarpemtitm and 
%^^ are ahoim in tables UC£?I to VSMt and plotted vide Fig •id, 
ourree 1 to 6* 
r^r an exaninetien of the eqoilihrliWy the thenedjmaaiio 
14 lA ofnllihrien eenstant * ^ X wee ealeolated hy the e«oati«n 
X • Ig • t^ • J In I n * l * S . • 1 ^""iU ^^^i • • • • • ( 5 ) 
o 
nhem S^  and t^^ were the •aleneee of the eonpetins ions* fhe Talnee 










O O NO-Ni 30 C 
O 6 Na-N'i 6 0C 
A A Co-Wi iOC 
A 4 Ca-Ni 60C 
0 H Wff-N»" IOC 
41 0 Mg-Ni 60 C 
_ 1 , 
06 0 7 " 0 8 O i 0 < 0 5 7  u9 
fquivalt nl lanic fiacnunof Nickel inmonlmonllunile ( Sf^^j / 
F/G.to-A//C>f£r£ SELLCllS^nV UN Na->i a- ANDMg MUNiMOHiL 





V#itt»» »f •qa tv lgn t Annie fr«ctt«tt« of n l o l f l and »odim and 
• • l a e t i v t t y ottotttntu at 30 for the ntoSEel »aictoaiig< 
on aoditM aiocitiori 11 oatte 
' i" ^ > ' 'I I 










































































s^lccttvity qaotiontt at $0 C for tli» n i c f l t3toh«m« 
on oodiiKi Bootttortliofitto 










































































VBlvmn of «qolv«lapt ionio tnctttmu ot piofccl and culoliMi and 
e 
aeleotlvity quotigate at 39 for tito atcleel «Kcbaagc 
<m oaloit i •entaiortlioptta 
%4 ^ i *ca '^a ^ *®^ ^ 
0*050 0.8%9 0.950 0.757 0.16% •0.785 





























































•«lBW of •qo ly lg i i t to«t< f raat tow of • t c t o i —4 ««loiiai mwA 
•o ioot iy i ty qaotioato at 60 C for tho ntotol oantftaago 
OP oaloiwi iwilMortllotttto 








































































































l{Ml0 frsoti«a« of «2 
• 



















































llMI « « d 
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f Agtfe' UJOLl 
Valmt of >qalval«at teale fracttoiui of ntclMl and «ai;n«si«i ana 
aalaetlvtty qootlenta at 60 C for tlic iiteit#I aat^aaafe 
on aartEnaaiaa noBtfaaorllliMitta 
















































































th9 «onr«s Qtlng tlie frapesoiMl m l * ' • At botli tbo teaperatores 
th« wmlm» of K {TmhU UtXXII(a)) foXlowid iti« order Ca > MEs> »• tor 
tiio 111 ojcotiMigo l .«* t >^>« o f f io i ty of Ml wes liigliooi for Coo^fmiaorl. 
llontt% followadl by V^m aii(3 tlioo NanKKStBorilloalto, BotI) Cft- and 
llg-«ontaorilloiiit«o oxhtbiiod o biglior e f f to i ty for Hi a l low 
teQperatiiras* fba a f f i n i t y of Hi for Na*®tmtJafirilI<aiito on tb® otber 
band Inereaaad irttb a r iaa in tavperetoro* 
tbarwoayaaato valoaa for Bioltal aaebanga o» aoaiwi* caleiuM and 
iMigaaatan •Mmtnortllonttaa at 30 and 60 C 
"' »""' 1 '"• I 
^omodynaaio «a»Nt ayatan Ca»MA ayato^ Mg»tti ^rat— 
parM»tar « • , • * • • * o 
30C 6 0 e 30 C 60C 30C 60C 
K 0.121 0«aO« 0.784 0.637 0.614 0.590 
A 0* oal/aola 1273 105% 147 899 29% 361 
A R* oa l^o la 3%90 •1390 •388 
A B* oa l^olo 7.38 •5*07 •S.SS 
fba Olbba fraa anargy ^angaa for tba intaraotloiM vara 
oaloalatad by tba aqoatlon 
A •* • .IT In K ( 6 ) 
Iha valnaa ara f lvan in tabla i l X I I l ( a ) . Onrlng a l l tba axobaimaa 
AO* «aa poaitlvo and foUowod tba ot ior Mi;:> l |g> Oa. fba rmlm— 
c^o^ 
laertaMA irttti a rt»« i n tMqwmtara dortiie thm •seliaiica of Ni «• 
Ca» aiMl IIK«««itaorll l«sit«» aad d«er«at«tf in ilia oaaa of ]laHMmtaori<-
l l o a i t a . At botli taaiparatfiraa tlia axohangaa traira ttiarafera ae»> 
apontanaoua vt i l i a Invar pxwfaraiiaa for Hi* flMi preforasea for I9i 
variad is tba ordar Ca > l|g> Ka* Aitaniat iTaly i t can ba aold that 
tHa iMiaa axcdiaiisajjcm Boiitiiorilioatta follewad tlui ordar lla> t(s> Ca> 
Rig a raaolt wtiicb voa i a oeoordaaoe «ttti tlia Hoftaeiatar aariaa* 
Ilia ataodard eatbalpr dlaogaa nH vera oalottlatad froai tba 
vanH Ooff iaoobora ats^-^^"*^-^^ c: , 
^ _ j ^ . ___.^__._.^ < ' ) 
the raaulta ara raoorded la tabla UDOtlXCa). tha axehaagaa 
warajitenperatttra depandtat. Ilia rtaetioaa baiae azottaamie dariag tba 
Ni axcbaafe aa Ca* aad KR-aioataorillaaita aad aaiotbamio dariag i ta 
aaabaaga aa lla«»aaataorilloaita« Ifeaa m waa «ara atroacljr boaad oa 
aaataarillaaita tbaa Oa or Mg aad laaa atroagly botaid tbaa Ibi* Fiirtbar 
tba atraactb of biadiag of Vi oa Oa*olay waa graatar tbaa oa Ns^alay, 
i .a* , atabilitjr of olay dariag ita iataraotimi with KiOlg wariad ia 
ia tba ardor lio-aaat«7 Mgnaoat. ;> Ca«aoat* 
Iba axabaagaa vara alao affaotad bsr aatri^p^ affacta* tba 
ataadard aatropy abaaga vaa oalaaiatod bgr tba a^aatioa 
A 0* • A H* - T ^ • * • • ( 8 ) 
Iba valaaa ara fivaa ia toMa iIIXSI<a)« Iba graatar diaardar ia tba 
«^(o 
ll««lfl syatwi liidlo«t«a hr positive •utropy oitaag® a i^ared to arls« 
trmt • proe««t of a«t»ydrotioii of tli« liytfrattoa oho 11 arouod Hi ioa« 
oanttd liy tttt Mii lob» and an astaadad diffusa diatril»ntioa of iooa 
ta tba a laotr leal doi^la layar. Gn tba ottier liaa<l aaal l nagAtlvo 
aatropy ^aagaa dortag Wl axebaaga ea C«« aad li^««OBt«orllloBttaa 
raaoltadi froa tiba biadlag of Ml to flscGd« apaolfio altaa oa tbe 
•oataortl lootta aarfaca* flia bydiatioa atiall aromid tim Ml ioaa 
raaaiaad ia taot , emttribating to a graatar ordar i a tlia f i a a l state 
of axetiaase* 
fo tiiiaolt tlia va l id i ty aad aooaraoy of thamodyaaaio paraaatara 
for tba aiotcal axchaaga oo lla»» Ca» aaa ttg-aootnorilloaitaat a 
oeespariaoo of tbaaa ^R9 atade with ttioae obtaiaed froo triQCglo role* 
fha roaolta ara gliraa la table UOCXSX(b)* 
Oariag Na-Nl* Ca-Ni aad NR->fii axebaagaa* the valuea of A 6^ 
at 90^ aad 60Cabo«a<S diffairtaeaa of 153 ealAwIa aad ik$ eal/aola$ 
%5 aalAwla aad 85 «al/aolat -97 ealAiole aad •117 eal/aola» 
raapaatlvaly» ahila tba valoaa of AR** aad ^ 8 * abowad a diffareaoe 
of 291 aa l^o la t 0*59 ealAMlas ^SSl oalA^ola* »1*31 aal/nela* 
100 aal /aola, 0*65 eal/sola raapaetlvalyt wbaa emtp^r^a with tba valaaa 
obtalaad iadlraotly froa the valuaa for (lla»Ca aad Ca-Nl); (Ca^Kg «ad 
tig-Nl); (Hg-lla awl Ma-lli) axc^aagaa* fba dlffaraaoaa ifrm wltbta 
axjparlaaatal arror l l a i t a for aost of ttia axebiaigaa aa raportad by 
Oaaf^ t aba obaarvad that tba aaeartalaty la tba ataadard fraa aaatgy 
aboaga (Ad )t ataadard aatbal|>y obaaga (AH ) aad ataadard aatrapy 
abaaga ( A t ) for a lka l i aatal oat ioaa wn • 90 to 100 oal /aola, 
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fk9 •isrfM« ^ a t * notiiritr o»«ffioi«iits 9S tk9 tins o<iii«»ni«4 
«iirtag 0«*]li and llg*Nl axiMiMiitfe v«r« e«leal«t«d froa tli« foU«iriif 
. ( la f,!^ « f X^^ » t\ In 1^ • \ la K^  d ^ | • • • • ( 9 ) 
*N1 
ona I D f « ( 3L|| In HL)<» \ ''^ ^ <ll||j^  « » * • ( 10 ) 
toA for Ma-Hi txehangav tlia aorfaoa pbaaa aetlvltjr eoaffiolttnta of 
Ha and HI ion* ware oaloolatad froa tha axpraaalOM* i 
-f *» ' L • ^ t •l?!!! »° ^ )  J ^%^t . . • < 11 ) 
^ S l • -^a-C*Na»»«c)* L »««C*«H1 • • • < *« ) 
^ 1 
nlMre jr <• Ca or Ng* Itia Taloaa obtnlnad are glvaa la ta^Iaa L i m i t 
to tJCXXVXXI* A •arlatlOB la ibe valuaa of tlie aurfaoe pbaaa aotlvltjr 
aaafflolaata for tba iSlffaraat loaa with laoraaalat iraiaoa of i^^ aad 
at i l f faraat taaparataraa lo rapraaaatad In flga«19(a) aad 19(k)» Vho 
dlffaranoa lo tlia babavloar of M, Ca aad HK loaa la rolatloa to 
m laaa aa •aatawrlllanlto aarfaoa la tkaa aaiply lioraa oat hy tka 
aatara of tko oarvoa* rartiiar aklla tha aotlvlty ooofflelaata for 
tha la laa varlod la tho aalchhoarHoad of aaltxt thoao for tho Oa, 
m oai 111 ohowod lofio varlottoao with ahaonaallj high walaoo. taoh 
M M W O M M M I 
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Eqwivalvnt ionic If action otnickoi in monlmontlonittiiX N I ) 
ftGiqibJ VAR.Al .ONbIN IHE AtHVlTV COEFf IClENlbOf- MgANDNilON-j 
Ort M Q M iMTMOHlLLONlte J &r OlFFEHtNT TeMF-tRAIUKCj 
Z\l 
liifb ivltMs for •«rfao« piia»« activity eoeffioientt is tii« solid 
t««t« tiav« tMifiii rt]K>rt«tf •i«eitfi*r« « I i t o ^ ' ^ ani war* i]icll«fttiir« of 
A varir ti«t«roK«»«<»iMi iii»i»id««l dtotribntton of tho oxdhaaKOA l^o 
oattona «m flta aimtserilloaiio ottrfaeo^^* Frae the valuaa t t apptavod 
tliat wiiila tlia Ma toaa vara nora or laaa atroegly aitraotad hy tlia 
•fmlnoniloiilta aorfaeat fttiob waa not tba ease witit ttw otiiar 
intaraeting tons* 
to BtwSf tine daviatioo of ttiaae baterogetteoiui ayataaa f vott 
idaality tba axeaaa tliofiiedlsrBaailo fmoticma for tiMi iBteraotloas mere 
ealoolatoa hy tba aqoatloaa** * ^ 
. — ft /^ «• o * * • « < •« a *** • M « ^ 
vliara jr • Ca * or Hf*"* 
ana 4 s J • / ^ i { • f 4 i j < 17 ) 
fba iralaas ofttalMKl ar« givan la tablaa LUXIXX to ymnriXI. fba^ Q* 
at 
vaiosa vara posltlira dttrlni Ca^lfl and Hg-lli axolia««oa and nagatlva 
daring lla.111 as^angaa, tba traada of rlsa and f a l l is rapraaantad 
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Cquivale.itjon^g fraction of Nickel in montmorHloniie (Xf^j) 
FIG.10- EXCESS FREE ENERGY Of MIXING FOR NICKEL IONS 
ON Na-. pa-AND Mg-MONfUdRlLLOhiTES AT 
DIFFERE/^T TEMPERATURES-
^ ( ^ 
• ts ta r * of tU9 itmt dwrtng a l l tti« •xotiangot ir«« ! • • • ctabl* • • 
o«ip«red t« tli« i»iir« fonts mws tUc •tatoilitsr di«or«at«d at lti« 
«oA0«otratlon of 111 lno]r«s«wl «ie«pt i a %M nast of 8«-lti •xelt«iig« 
irti«re tko iMiiaTlotir fluetttafwd* fls«» dttrlsg tlt« «xidaianfo« dopartniro 
froB itfaalitjr |>rodiiioad a leas atat>la ttixtiir* of ioaa on tha «i»t«ori-> 
I lont ta sorfaeat 
fba anthalptat and tntroplaa of nisiag vara foiiBd to ^ 
poaitlira tfarli^ tlia Ma-lii and Ca-Hi axotiangaa* fbaaa raaulta vmtn 
iBdloativa of tha faot tbat tba ailxtiur* of Ho'-Hi and Ca»Ni toaa vara 
laaa atr<»igly tioond to tha elar atcrfaoat and I t a dlatrihotton «or« 
dtaordarad on tha hataroloalo axtdtimsar, aa oooiiparad to tba pnwm foma. 
19ta ^ !J^ and A ^ valoas for tha llg»!li axohanga ipaaaad f ro * nagatftva 
to poattiva voinaa aa tba eoamantratioa of tha nftoiwl t<m inoraaaad* 
tha 9(Uct>t9B thamodjmaato ftmettona ^ « a again ocmfimad tha diffaranoe 
in tha exohaasa equi l ibr ia oaourrinft hatvaaa Ha* Oot M^ «Bd Hi on 
tha aotttuoriiloaita avrfaoa* 
1* viaiaar»G.t Traaa.Iatar»,CoB$r«8oil Soi*i 3*^ Coag* Oxford, 
3f 5, i f 35 . 
! • Iltrr,ll«v«, j.Aa«Soo*A<ron«t 30, 309« i92S* 
9* VMiaaiair,A.P«, t o l l Sal * , 35» 99, 1952* 
%• Hriahaaaaarth3r,0» and Ovaratraat,!*, Soil Sal«, (9» %1» 1990. 
9 . ffa%ildi,A.A*, larahad.Z. aad OMratraat ,B. , Soil S a l . , 90, 819, I960. 
«• tarrar , l i * l i * , taaa,t..V.C« aad llird,i>*S., pree.aaral Saa.A*, 
279, liOi 19«J. 
«il6~ 
mmmmmmmmmmmmmmmmmmmmmm 
fti> «wrf«c<i ptitttKt activity c<Mifflcieats> exoaf fr^g tin<irgl»>« 
•tttH>lpi«» «Brt entropi»» of MixiMi} for difftrant Wapiti 
ccwpostttwMi OB aontiorillonito ourfaee at 30 C 










































































f ABLE uaavf 
th% gttrfaoe pbntse fiottylty oeefi ioicaf« txccta free cttcritt»«« 
•ntli«lpi»» «Btl »»tropigti of BJJting fer digfercnt Ma-lii 
« — — » — » — » • • iirniiii»r««ii««—« II mitJKImmmmmmmmmmmmmmmmmmmmtmmrimmmmimmmm i iinm imi iiiiiwwin 
OoapegtiicaBw on •ontaortiionitt «urfaoe >t 60 C 
M b 
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TABU^  hSXX9 
•ntlialpi»> tna •ntrop4»» oi •t»lBg for a4ffer»nt Ca-Wi 
go»i>o«titwi» on «wit»eri l i iwtf • « r f e« at 30 C 




































































•nthalpi«g and «atropic» i»f »t«lmt fdr dtffgrent CiH'Iti 
cogpoaitioiw en wontworllla«tt« gnrfaeg at 60 C 



































































» l l ^ 
t»> »arface i^a«e a c t i v i t y eoftgfioi«ntg« »xc«gii f ree •nc rg i»» . 
a»tiialpia» and »i i t ropt»i i of t j lKlng f o r d t t f a ran t Wg»llt 
oof>o»ittoBa «tt Moat«orilionita awrffiw at 30 C 
i—' I - "" t I I 
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- J . 4 
• 1 . 6 
- 5 . 4 
- 3 . 1 
- 3 . 6 
-i.5 
- 0 . 1 




Ifltes mwttme* pha— aettv i ty co»ffloleot»» axeaas fraa ananiaa* 
•iitlialpiaa an<l aptropiaa ef wixim} ffir J i i t farant Ite-Itt 
ttfwipoalttona en •ontMorillonita •nrfaea at 60 C 
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9« i»aiMl«lottt,B*, VcB 8 i8d t l ,B . , ltoU,a*{i* and P«gt,A«U, Tr«n»« 
r«rad«3r SOD*, 6%, 1%77» 19i8« 
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3*» 397, 1970. 
12» SAaiit«l,J«P«, Sliigh,fi*P* ftAd B!aiuir,o*, CoIl.Polya*Sol«, 
255, 159, 1975. 
15* 81iiilml,J«P«, 81ogli,E«P«, Sli2gti,C«F, audi Giii>ta,6«K«, J»8oll Sol«, 
87, 1 , 1976. 
1%. Tan Blaa«l,R» axd Ntaaol,R*, i>roo.Xot«Clay^ Coaf«, 1 , 619, 1969* 
15* fan Blaaol, l l* , IHomoditiattlca of cartalc osotiaiii« In t o i l , 
rroo*9«ti Co l l . latomatloi ial Potaati isa t l t t i ta , Beraa 9, 1972. 
16. llarlii«k3r,J.A., foa ascbaaga. A aarlaa of advanoaa, Vol.X,Gliap.7* 
ffaroal B«kkar,Zao^ Ma* Toric, 1966. 
17. lioailaloiityB., fna 01adal,R« and BolMijma,^., Soil Sol.Soo«A«*proo., 
56, 50, 1972. 
18. Bewiar,o«B., Ar ioi i i lBi«r ,Jr . , V«J» and BaTldaoii,A.ir., J.An.diav.Soo., 
7%, 10%%, 1958* 
19* lkadatial,£*, Botftldt,E* and Slllaii,L«G*, Aota Ctiav.Seand., 
%, 556, 1950* 
20. TaaaaatyE.r. aad Vjri%a]r1ioairaii,J*»., Claya and Olay mutrmH^ 
20, %7, 1972* 
21. Caat,ft*Q* aa« Iloba,V«D*, Claya and Clay NlaaraU, 19» 511, 1971* 
22* Al4rleli,D«0. aad 8aal»anaa,«r.l., Soil 8al*Soo«Aii.preo*, 28, 281,1958. 
ei/Jjdj 
2«, R»Sll«rf<S.ir*, SolaitdtR.V. audi S*i«lc»r«S»* ^•Cbm.Mtt.y 
36, 5S9t t9S9. 
86. m^inmtm^UmAm m^ stol»««ii*B»t El«etrolyt« •9liitt«itt Bnttcnfortii*, 
tondoitt 1999* 
27* ISowiirirtD.O* aad fliomit,B«0,» 4r*F r^6«Cli«««t 69t 551f t9S5« 
20* lla»t,B*6.» Soil Sot*8oe»Aii»Fr(m«t 33# 37t 1969* 
S9« S&»gfealtd.r«« Si»£|i,^*P* and iiaiBar*I»*, il«Siid*€%eii«^o*, 
52, 380, 1975. 
30. 8o1)ta«oii,!%•.%• aod Stokt8,E,l,, TmmmWmm^ay Soe«, %5, 6 i2 , 19%9. 
31* ]li®«t,<r« and Tft211>iJdd«Ei,o«« ^.Soll Sol*, IS, 139, 19$7« 
ttUPIBa Oir TOE fBEBMOpy«AlitCS or WCiaa. KICHAliGE OW C«» ILUfE 
iwyaooPCTioii 
fbt reploownent of oailoos ts O M of tiM aost laportant 
ptieaoMeaoa witteli eontroU tbo storago «ap«oit|r of a ooi l for plant 
notrlaat • laaaata. ffie axobaxige ta gowrtfO ^ aovaral faotora* 
•xpiwaaloii to tiia ton asotifiiigo* Gainaa and fbo«aa^ baire diaonaaad 
tbe tliei«odynasioa of ion axobaaca In olajro* 
Ifiiat of tlia tMataanta t^ aaed on naaa aetioo praai^posed tlia 
atolohtonatry and tiavaralblltty of ton asolsansa, «hi€^ ia not alveya 
i n faet troa* Work hy f>atilbb« aarabad and Ovarataat', Tan Blodel and 
Irfiudalont^ and Haaa and Cr«aara' abovad tbat ion omclianga oftan aiiowod 
hyataraaia altboiigli r a w r a i b i l l t y ootad ba raatored by aottabia 
oantrola• 
Iba praaant work axtanda tba atndtaa alraady midartakan by 
tba antbora' on tba i r a oxebaaga batwaan aiekal and C a * i l i t t a . Vba 
ravara ib l l l ty or otbarwlaa of tba proeaaa ta tnvaattgatad and Gatnaa 
and Tbasaa traataant appllad to tba aaiobaaga I f fomd ravaraibla* 
Sinoa nlakal fonwIa t ioM ara oftan aaad aa paatioldaa and ainoa aotla 
ara oftan I I l i t to I t waa oonaldarad tbat aoob a atody w i l l ba naofnl. 
l l L i 
Hie olay »lMr«l vmmH in t!i«M iavtstigaUoos ««• i l l i t * fron 
HnrriSt Xlltaol** Xt «•• »r«kttt «p ia vortar wiiag • rubber oovered 
peetle* flie enganto aatter vae eaiidlMd with hydregwEi |>«rml4« ead 
tlie alxtnre dilated witb d is t i l l ed witer* 9lie clay was ttien diapereed 
by alaotrloal atlrrlng* ftie aospeiiatoo obtained vaa paMmml ttiroiigib 
atiaata of i^batsiati f i l ter paper fitted in tHe bovl of InterBatioaal 
Cbeaieal ceotrifnge at a apaed of 9500 rpa to reaoTa mxy ooarae natter« 
waspARATiow 01' 8<mtm SATtmAwep ILLITK 
Ibe ^LUn olay aoapenaion waa tiien treated vitb aodiua <^lorida 
and dilota HCl till tbe oonoentration of tbo atipaniataiit liquid vaa 
2N vitb reapeot to aodiaa <^loride and 0«11I witb raapeet to BCl* ftie 
•ixtfira waa abalean for balf an hour after iibiob tbe aapemataiit aoid 
aalt aoltttimi vaa raaoved fr«ai tbe olay by daeaatatioii* Hie olay waa 
agais treated witb aalt aolotiaa^ abakan for balf aa boor aad freed of 
aaperaatant li^aid* Xt vaa tbaa waabed witb dietil led water till 
tbe olay diaperaed aad till tbe oondootivity of tbe auapeaaion waa 
of tba aaaa order aa that of diatilled water aad till tbe olay beoaae 
free of obloride iaaa* fbe aoapeaaioa waa tbaa stored io glaaaware 
aad need idiea required* 
vimfAUknm or CAi^ cxm AHP WICKKL moBAyEP XIXITBS 
To obtaia tbe Ca- aad Mi-illitea tbe aodiiai olay aoapeaaioa 
waa treated witb tbe aatorated aolatiaa of oaloiaa obloride aad 
aiobol obloride voapeotivoly. Ibe olay aoapeaaioa waa waabed 
a^r 
ttiorotiKtily wiib <llstlll«d if«t«r t i l l ir«e froie otilorld« loos and t i l l 
tb« eondootttaet of f i l trat* v»« of 8<uro or<l«r a» tliat of at t t l l l ed 
vator. 
flio eimoeBtrstiomi of eacti the •oopeBSiaaa w«re (letorali:ie<3 
by «viifM>rotioii a« already daaorllNi^* 
pKwamNAYxai or CATICK ExciHir»i CAPACITY 
Cation axdiaBga oapaoity iiaa datavnln^a by Jaoksiin sattioa* 
lteaiganta> tH nlokal ehlorld«« VMA9 arloebroaa blaok f» btiffar (DBMIO) 
and Ca-liltta* 
Prooadttrai 29 aii of C»»tlltta anaptaaion it»B treataa vltb 25 ail of 
niokal i^lorida aolnttott* Aftar atiaKingt tlia aitapanaloa vaa kept 
ovtraigtit and tlia aaleiiM tan libaratod vaa tttratad wltb ftftA iialog 
arloohrwa blaek T aa Indloator In piatanea of linffar of |»BMtO« tba 
CBC of Cooillita waa foiaid to bo 30.5 «OQ« par 100 g* 
ifFRCT or nWB m IICHAWI gXPgWIItKIIT 
To atody tba tina affaet, 10 atl of el ay anapaaaiona vara tafean 
in aavaral glaaa atopparad tabaa and traatad vitb 1«0» 5*0 and 15t0 Ml 
•f 0*0091 nlokal ablarlda* Tba lonlo atraagtb of oaeb aanpla vaa 
tban adjoatad to a ewataat valua of 0.018 by addUw l%*0» 10*0 and 
0*0 nl of 0*0091 aaloluB oblorlda and naklng tba final voluna to 25 «1 
wltb tba dlatlllad watar* Ilia aai^ l^aa aaro abakan for 0*85t If 8t 5t Ct 
9 and 12 boara In a tbamoatatla watar batb at 90 e and tba nlxtoroa 
il20-
-o-fi 
• • fc-S 
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w«rt iHon octntrlfa^ed. fliekel wan «ttiaate)] vtth '.Wh ^ tfeilley et 
al*»^ ••iiiod «» ftivao la |^ «rt I of e&aptcr V of tbt» ttiaals. Oaloiiaa 
«a« aatlaiatea t>y Gsrslinii natlioa an giT«ii in part I of chapter T of 
tbia tiiaalt* IHe aMdmt of eteicel adsorbed ftt different intarvals of 
t lee wae tben obtained from the aaomt of ttlokel addati mlnna tha 
olokel reaaliitBK lo tba anj^rnatijiita. fbe reaolta are rocoxHed in 
tables LXIXIX* A alBllar prooofStira «afi folloved for detemlnlng tbe 
effeet of tlae oo calc lw axdEiaiigo oo Qlokal olay* Vhe reaolta ore 
given In table XC and In Fig•21, oorraa 1 to 6* 
fo BtaCy the offeot of pQ^ esobmige esperlmenta were carried 
out at p!I valuoa adjiflitad to 5» '^ t ^t ? ai>^  9t the pU oajustisGat bavins; 
been vade iritb 0*1H HOI or O.lfl Mo€l! aa raqolrod* For tbia pnrposo 
10 nl of oalolon l l l l t e and 1»0« 9*0 and 15*0 »1 of 0.005M nlc&ol 
oblorlde irex« tafean In glaaa atopparad tabea and tbelr Icnlo atrangtb 
adJtMtad witb 1%.0* 10*0 and 0*0 lal of 0*OOS9I ealolua c^loritla* Iba 
final volMBO vaa made to 25 mX» fhe tabaa wr« abalean for 3 bonra 
In a tbamoatatlo natar batb* tba ainiplaa vara tban oantrlfngad* 
fba aMHMit of nlakal In tba anpematant llQOlda and olajr pbaae ware 
aattoatad aa daaorlbad aarllar, iba raaolta are raoordad In table XCl. 
A alnllar praaadora vae followed far datamlnlns tba Inflnenoe of pH 
an oalalan Mtobanga on nlekal olajr. Iba raanlta are raaorded In 
table XCII and are rapreaantad vide ri«»22» enrvaa 1 to 6* 
•gWilSllIUTY BXPEHlMglir 






















































































































Ni adsorbed m meqper lOOglllite 




«tr« earrlcd out at eonsttfit ioaio strttiigtli, f i r s t Iqr talclag 10 • ! 
0Bt|Nitt»loBa of ea lo l i i»> l l l l t * In atvaral g l M * atoppertit iabet and 
addloft •arylois aaioanta of nlolml eiiiorlda and aatteiatlog tho aHOtnt 
of alokal adaorliad# S la l l a r l r revarae axebange VAB carried oat hy 
taking 10 «1 auspaoaloiia of alokal l l l l t a la aavoral glaaa atoppered 
tnbaa aod addlnis varjrlng aaomta of oalelaa d^lorlda and tbao 
eatlnatlis^ tbe anoait of olokol deoorbed as daaorlbad aar l ler* fhe 
raanlts mre given In Flg8»23 and tables XCII I and C I . 
ftia exotienga laotbaraa vera datamlned for nlokal excHan^e aa 
oaloloes l l l l t a wltli and wltttont i^joataaiit of to ta l loolo atraagtii 
at a pn iraliw of 9«0 at two dif ferent tei^peratarea vtm*^* 30 and dO '^c, 
for tlie exdiiaaKO eaeperlaenta two aopirate aeta of 10 • ! amiplea of 
oaloltm l l l l t e of ^f*5 wore taken la a large nitaljer of glasa atoppered 
tiibea. la oae eat of experlaeata varying aaooata (0.0 to 15*0 a l ) of 
0«005M alokel ehlarlde were added to ealolaa l l l l t e * THe Icmlo atrengtti 
waa Made oMtstaat to 0.018 1 ^ addla^ r»ry%n^ aaouata of 0«00!!M oaloloa 
irtilorlde* la tke other aet of experlaenta carried oat wltbeat 
adjaataaat of laalo atreagtlt tlta aaapeaaloaa were taken aa aaali* fliey 
were tbea treated wltb varying aaooata of 0»005M alokel oblorlde and 
tbe volaae of tbe alatore odjaated to 23 »1 wltb radlat l l led water In 
eaidi oaae* la a l l oateat tbe tubea ware idieken for 3 boara at 30 ;• 
0*1 e and 60 ^ 0*1 C la a tberaoatatlo water batb, Tbe aa«plea were 
tbea oentrlfaged and oalolua and olokel eatlaated In tbe aupemataata 
aa daaorlbed ear l ie r . Ilie eorreapoadlag ooaoeatratloM of oaleltaa 
fa l l l l t e pbaae wore obtalaed by eahotraotloa of tlia oaloliM 
ixS 
TASU. IXSXI% 
Mnorptt&m of aloic*! hy o a l o l m i l l i t * «• « t f«e tea hy time 
C^EUjentratiaa of o i«y totptnt iMi 
Voltn« of e l a y sttspouaicw tale«ii 
ctren::!!} of nielcol oolutimi 
Total voltme of mtstom 
Concentroilcm of FltTA 
Tolme of stipex^Btant taisreo 
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0 .80 
0 . 1 5 
1«%8 
5.06 
0 . 0 
3 . 3 
31 .2 
111.0 






AdaorjBtioaof calcltia by otolcgl i l l l t e a« «ff» otgd by time 
Coneentmtioii of clay nyspeatlaii • 
ToltMra of oiay simptotloii iafcas * 
Strtngtli of oaloivm aoltttlon tt4Attdi • 
Tot!»l •DloEse of slxttir* • 
Conoonirattim of fD7A • 
VoluKtt of snponifttant taliea for osttsiatioA • 
11*%0 i p t r l i t r«} 
S0*o Ml 
5 « to*''^ 
25 Ml 
T" Tlaie in Vol .of tmh ^nottnt of /UBomt of 
hoisra twed In al oaiciua in oaloiun 
•olotion at]sorb«tI hy 
per too g aolid olty 
i l l i t « p«r 100 s 
i l l i t ® 
?ol , of 
oaloitm 
sol tit ion 





l l l i t e 




0 . 0 
131.6 
0 . 3 5 
0.00 
0 . 3 5 





















i . 7 2 
5.52 
0 . 0 
5 .7 
37 .7 

























































5 . 1 * 










Adsorption of oielr«l en cal^iai t l l t t * at diffgrwit pit v«iiMi» 
Cdaotntratioa of O1«F oaopoattoii 
VelwM of oldy oittpirBvioB tiikoii 
Strvngtl) of nlokel oolotion addod 
Total •o tme of alxtttro 
Coneeotration of ES^ A 
lt«40 $ p«r l i t r o 
iO.O Hi 
5 « 1 0 " ^ 
25 e l 




ad<lod In ml 
I ' ' i " '• • ""'"I * y — ' 
!fsq« o f pll o f Vol . o f fhTA AlOUIlt o f 
nlolcel atisftonsioii used in a l alokel in 
added per aolutiao 
100 g per 100 g 
l l l l t e i l l l t e 
T Aaoimt of 
aioScel 
eolld elay 
per 100 sj 



































































































Adaorptiott of Offloian tm nlcicai l l l i t t at diff«r«nt tAl v a l a f 
Coaeentratioii of e lar •tttpeMlMi 
IToltne of elay saspeosloii taSEttt 
Strength of oaleiun tolotloii aAded 
Total volme of «lxtor« 
Oonoeatratioii of KDTA 
Volume of soperaatant tafcen for e o t i s a t i o s 
11*40 g |»or l i t r e 
10«o Ml 
5 X 10"*^ 
25 ttl 
2 « 1 0 * ^ 
4 Hi 
Vol . o f 
oale l to i 
9 o l a t l o s 
added In a l 




















- T •' -
fteq. of 
o a l o l a i 
added per 
100 g 
l l l i t e 
0 . 0 
8 . 0 
%5.9 
131*6 





















Vol . o f tmh 



























per 100 a 
i l l l t « 
0 . 0 
5 . 3 
35.1 
119.7 
0 . 0 
%.s 32 .9 
115*% 
0 . 0 
4 . 0 
30 .7 
112.3 












s o l i d e lay 
per 100 n; 






4 . 0 
11 .0 
16 .2 
0 . 0 
4 . 8 
13 .2 
19 .3 
0 . 0 
4 . 4 
12 .7 
18 .9 





Kiittwatioa of nlcttnl by Vttr««nc tltr»ttoa (Copi>»r»t»A?i lethod) 
in tlic gqutlibrtiMi •u»p«n«ton duriag oaJloim»niotecl. gxchaiigt 
at 30 C at ooaataafe icmio streoatfe 
€oaeontraticm of caloitrah-illtte aaftpension « 
Toltne of elay ouspeasioii takea • 
Str«ngtb of olokel solatios ad<3«d « 
Total volume of sixtora m 
?oliMo of atipeniataiit llqald taken for titration • 
11*40 s p®r l i tre 
iO.O a l 




Vol. of m 
eoliitioo 

















MA solut ion 
Vol. of EDT^  















mqm of HI 
added g»er 

















Holoa of fit/ 
l i t r e io tDe 
OQuilltirlKai 
ausptnsion 


















P1©Q. Of Ni 
adsorbed 
per 100 g 















Cooeentratimi of oa lc im i l l l t o su8p@osi(»i 
Toliaie of clay sntptaslon taken 
Total volaa$» of islxttnro 
iroltiii#» of «nn#mi>t''iit llQuicl t^ken for t i t ra t ion 
CoBeentratioii of mth solutioii 
crc of tiiite 
Totnl i<mlo stren^tb 
m^m of ra cidcled 
for AiSJuatiQg 
loQlo strength 
Vol. of FTTTA 
ua«o iti Rl 
Molea of Ca per 
l i t r e in ttie 
aqui l ibr im 





I H . O 
105.3 
96 .5 




2 6 . 3 
6 .8 



















2 M iO-% 
L*0.5 B<»q. par 
100 e olay 
0.009 
Meq. )f Ca iwsr 
100 1 of i l l l t a 























9 . 1 
8 .2 
7 .4 
4 . 7 
2 . 5 
1,2 
EstiMiilMi of iili»li«l ] 
i a tlM 
TABU, XCV 
hr • •rssns t i t ra t ion (CoiH»«r->PAlf Mothoil) 
tquililirian snsiMiasi<m tforint oaloiiM-niokti sxolianKo 
st $0 C at oonstnat ionio stremctli 
Omioeiitratiflci of eiilolua»illlte oospoas&on 
VoloRO of elay sttspensioo taii»B 




V'oluM of sapomatont llqoid tafeen for titration • 
F/treugtb of nleirel solution aiSSed 
Coiteentrati<Mi of CQTA solution 
Vol. of Hi 
oo lot lon 










9 . 0 
10.0 
i 2 , 0 
14.0 
15.0 
• IT" ••" 
Vol. of EmA 















K©Q» of Kl 
oCdod p«ir 

















11.40 g per l i t r e 
10 .0 Ml 
25 ml 
4 « i 
5 a i O * ^ 
e K 10*% 
Holes of Hi/ MOQ. of Ni 
l i t ro in tbe odaorbed 
oquilibriiai per tOO g 
















0 . 0 
1.3 
P.6 
4 . 0 
5 .2 
B*9 
8 . 3 
9 . 7 







F s t i m t i o Q o f OAletoi hy tr«rs«»« t l t r a t i < m ( • r toebroM W I ^ M I ) 
i a the « ^ i i i l i t i r l 
at 1 
im aasMBaian dttrian ealelna-Tilelcal axc^aasa 
A 
$0 C at eoaataat ioa ie atraajftb 
CoBoeatratlon of oaloloo l l l i t e 
Volme of d a y siisi>eaai<Hti taken 




Volone of •upamatant I tqt i id talcaii f o r t i t r a t i o n • 
Conoaatratiom of FUFA oolQtloa 
crc of t i i i ta 
fo tQl iooto atrongtii 
Meq* of Ca addad 
f o r adjuating 











* 5 . 9 
26.5 
a.8 
0 . 0 










* . 7 6 










Molaa of €^ par 
l i t r e in t l ia 
oqu l l ib r l ta i 















11.40 @ per l i t r e 
10.0 a l 
Q3 9A 
4 B l 
2 X 1 0 * ^ 
£0 .5 Biaq. par 
aoo g c lay 
0.009 
Hnq* of Ca per 
100 g of l l l l t a 













3 . * 
8 .5 
Estlitattoo of piolcel by vrsene titration (copper-< AH awthod) 
i a *fa«»'?»»yi^ »-*"» »«»ym»top during calcli—nick«l exchange 
n 
at 30 C :giUi0ttt &diu»tim ioalo streagtfc 
Concentration of caloi i»»l l l t tc atuipenalon 
ToluBO of olay soapensioa takes 
Total volmie of alxtarG 
Stren.?^ tk of nickel solutlcm adidied 
Ccmccntrotion of TOT'^  solotioB 
11.40 g per l i tre 
10.0 ml 
23 al 
5 X 10"*^ 
2 X 10*"^ 
Voltase of supernatant liquid taken for titration « 4 a l 
Vol.of Nl 
added in e l 
0 . 0 
0 . 2 












« " • " • - — - — " — — " -
Vol. of rjTTA 
















Hog. of Nl 
added per 
100 f> l U i t e 















Holes of Nl 
per l i t r e 
in the 



















100 g 1 1 l i t e 















Emtiamtton of ealeloai by mrmmnti Method (griochr<»ie acthod) 
tn the tqwtltbrltts •o»pmi8tCMa dBrloii; oalclti»»pteaEel oxcbame 
at 30 C« witbont adjiietiiig the itroio gtrgngtii 
ConcestratioD of oaloif»«>llllte suspeosion 
Wolvme of oloy ensponsloti tnlseo 
Total volvme of ralsturo 
Ccmcentretioxi of IXlh solaticm 
Volinte of fiupematofit l l ^ t i ld ta&oo for tltrotlcuQ 







il«%0 g per l i t r e 
10 ml 
25 9\ 
U s 10*"^ 
k ml 
20*5 neq» per too g 
clay 
Vol .of CDI^ A tiso i^ In e l Moloo of Co per l i t r e Meq»of Co per 100 g of 
iQ oqullif>rii» l l l i t o in aoliCI clay 
euspeosioo s 10 
il'in I l l II I I] «i i i n n n i n m « u — mill II» I II 11 III i imwii i urmiiiiiiiiiiii iii i m i l • m l inn ii . • i i i m i i m i ii i i im «iiii 
0*00 0.00 20.5 
0.06 0.03 19*2 
0.12 0.06 17.9 
O.aO 0.10 16.1 
0.28 0.14 14.4 
0.32 0.16 13.5 
0.36 0.16 12.6 
0.40 0.20 11.7 
0.36 0.28 8.2 
0.60 0.30 7.3 
0.68 0.34 5.6 
0.80 0.40 3*0 
0.a4 0.48 2.1 
0.R8 0.44 1.2 
TABLE XCIX 
E>tl—iti<m of nle l f l toy yrMn« i itmtii in (copifr^PAIt method) 
in %hm eqail ibrlt i »o«pan»tcm aurJmL cnloiH»«>i>lck»l wtoli«Bf« 
at 60 C. without ad.Hwtliig tcole utrcngtb 
Concentration of o n l o i t O K i l l i t o 
VoliBio of c lay suspension ts 
Total voi«a9© i »f e l x t o r e 





of Tm^ ao lu t ioo 
Volune of aupernatrint l iquid 
Vol . of m 
added in ml 
0 . 0 
0 . 2 




4 . 0 
5 .0 
7 .0 





~ « • 
Vol. of em"A 



















\ talsen for t i t r a t i o n • 
h ' ' 
^aq. of Ht 
added per 
100 g i l l i t 0 























Ifoles o f Ni 
par l i t r e 
in the 




















per l i t r e 
•hi 
• ^ ! 
1 
liaq. of m 
adaorbad p^r 
100 g i l l i t o 













fstlaiiitlQii of calctuM by ireragne aetbcMl (t?rloclAgomc eaethod) 
a t 60 € . wttiicwit acljq»tiag iM* t a a t e 8fr#ij|;itt 
f 
C&aGentrQti<m of Galcltnt->il3it<s euspensioo • 11,^0 t! r^^ l i t r e 
Voltmo of oluy susx^cnstmi tn&eo « 10.0 ®1 
Total voltffito of eSstur© w 25 ffll 
Ccmoeatratlcsai of !'DT* soli i t ioa • 2 s l O * ^ 
Vol OB® of snpuroataist liQutd ta&eo for t l t r i ^ t ioa «» 4 atl 
e t c of t l l l t e • 20,5 it©q. w r 
Vol.Of t^ DTA QS#d In ®1 ?fol©s of Ca per l l t r© MoQ.of Ca per 100 g of 
In ec^uliilirtu® i l l it© i» so l id cl.'sy 
eaepeasion x 10 
" -""—mr II' -m rirrmrr-TrrT-iirnr-Trti^iiii ijiiiifliii|[ii)iiii«>Mn i i » f i t i i i » i r ' ~ r - i i i 7 ' i T T i T " r n n " ~ ' ' ' ' * n - ~ ~ - r r i T i ^ — T - T r ^ m - f i n m - r r i n r i -Tril^-^TntiimirtrinirrrfiririTrnTiTmir-rTTTrnri if— ' - -nrr ' ' r -" t i »ii—M—ILLM 
0.00 0,00 0,0 
0.06 0.03 19«2 
0.42 0.06 17.9 
0.18 0.09 16.5 
0.26 0.13 )«•& 
0.3& 0.16 13.5 
0.32 0.16 13.5 
0.36 0.18 1*:.6 
0.%t O.Si% 10.0 
0 .5 t 0.26 9.1 
0.60 0.30 7.3 
0.68 0.3% 5.6 
0.80 0.40 3.0 
O.S* 0.*8 2 .1 
ZL{0 
T%II1L CI 
r s t l a a t l o o of n icke l l>y versene t t t r a t i o R (Copttgr~l N^ tiiethod) 
In the 0qalllt>rla» ettspenslon CLwritm cole tea gaechnBge 
o o o t c k e l l l l t t « a t 30 C a t e4Ki®tr,sjt i c s i o s t r i^gt i i 
Conoentrattcns of n l o k e l ' - i i l i t o stispcnsjlcKi • 11*40 G per l i t r e 
Voliace of clcy aospc^nsioo tr?l£ca • 10.0 m\ 
Total voliMO of ralsttiro • 2,^ n l 
Btreagtts of caloiiw soluticm naued • 5 s t o " ^ 
CC8ioeatrati<m of lJfJ^% eo lu t tcn • U K 10*^* 
Volume of suparnataiit I tgold talctn m h uX 
for t l t r a t i o B 
CCC of nickel i l l i t e • 19.* Keq.per 100 r 
clny 
^ ^ ^ ' 1 - — .^^ „ ^ 
Vol .of f!VPA used in o l Holes of niol&ol per McQ.of nickel per 100 g 








0 .6 t 
0.78 
0 .7t 



























cmoeBtriitScNi in thm unjmrattt.mtM troa ttie oalotan i l i l t * CtC* Also 
turn MiouBt of niekttl inkcii ttp by the t l l i t « sttrfaoe in r«plaolng the 
corresponding ontoiuK iim wat oDtaiaed by difforenoe l>eiwe«n ftlio 
aaeimt of nioieel added and the emovat of nic&rel rofflalnlng in 
oqailibriiMr stmpenaiiMio in ooob oaio* Hie insults are recorded in 
tabiee XCIII to XCVi in caee of ejccbAfise witb adjuste^i ionio etreoftb 
and in tables XCVXI to C vitbont adinetsoot of ionio etrengtb, rron 
theee datn e^oivolont ionio fmBOtioss of nio&el am ooloiiit in tbe 
i l l i t e end eolntion pbases were oalealated and plotted vide Fl«»25« 
Hie reaolts of prolininary atudies on the infloenoe of tiae» 
pn and ionio atreogtb oo niokel-osleinn exf^snge on i l l i t e are 
preaented below* 
rroB an exaninatioo of rig .Sit i t vaa seen that exoliange 
inereaoed apto 5 bonra for botb Ui% oationa in tne fonrard aa well 
reverae direotiona mwa tbereafter beoaiie ateady. A tine of 5 bonra 
waa thne neeeaaary for aquilibriim to be attained* fbia tine waa» 
tberafore, given for feortber axperineata on ttte axebange e(|Bilibria« 
An MEanination of data vide Fig•28 revealed that pn infloenoad 
tbe exebangea in botb the forward and tba reverae direetiena* fha 
axebange inereaeed apto a pB value of 6 and tten daolinad* In tbe 
•aae of bigbeat range of eonnentration of axobangaabla aaticm added 
tbe exebeige waa in tbe neigbboarbood of BiC of tbe elay at a pR value 
of 5«0* Ibia valna of fK waa, tbarefore, aeleetad far a fnrtbar 
















0 0.2 OA 0,6 0.6 1.0 
Equiv. Ionic fracfionh of Ni in 5oiufion(XNi) 
r /G .25 - EXCHANGE fSOrHt:RMS 
INVOLVING Ni EXCHANGE ON 
Ca-ILLITE AT 30^AND SO^C 
WITH (o,^) AND WITHOUT 
( i^,^ J ADJUSTING IONIC 
STRENGTH. 
ror a tliensodynanio m»ly9i» of ion exd^imge eqai l ibr lo to h» 
unsertatcen i t 1« necafifary to aatabllali tlia raveraibl l l ty of tbo 
proooas* To datamtiia «li«ttt«r the «iSo!iaii$e of alokel vttti oaloitn 
t l l l t a vas rairaraibla er oot^ a oimra was draim batvoco tbo emomit 
of ntekal adaorlied on o a l o l i » * l l l i t e and ttia oaoisit of aioScel 
deaorbad froa n i o k a U i l l i t a (vide ri@«25)« Botb tba oorvea ooinoided 
potBting to rmvermtbitity of eaco£i€uaso» A furtlier caafineiaticMa of 
tbe ravera ib l l i ty prooeas vaa 4>btai£iad twcm rig.S% nb&ob showed 
ovarlappiUig o«nras wbas asolbeSige vaa ai^roacbed froe ttie forward 
and revarae diraottima* 
fba axobaQsa reaotton babavlour betwaso alokal i>M oaloiun 
i l l l t e m&ky he wrltton» 
Cca * %i .'•'<:^ ^ " % l • ®Ca . . . • . ( ! ) 
i^era barrad quaiitltlaa rafarrod to tbo @(iiiillbrtaffl Ofmoatttrationa 
of tba ton is l l l l t a pbaaa and tbe tmbarrod in ibo sotatloa. 
tk plot of tha efuivaieat ioaio fraotiana of niefeel a i^ oaXoiiM 
in i l l i t a aad aiolality of aialcel aad oaloiaa ia aquilibrlun aoloticm 
pbaaaa with aad witbout adjaataaat of ioaic strangtb guve aixobanga 
taotbama m9 abeim ia ric*25« Aa txaaiaatioa of iaotbaraa iWigm2% 
ourraa 1 aad 2) iriiowad tbat ia tba axebttaga aarriad out witbout 
adjaataant of ioaio atrangtb tba iaotbama davlatad to tba lowar aida 
of tba diafoaal iadioatiag tbat ealaiaa vaa »ora prafarrad by i l l i t a 
tbna aiokal lA l la a raiNiraal of babaviota* c^earrad wbaa axohiMfa waa 
earriad oat at aaaataat iaaia atraagtb (ri««23t oarvaa 5 aad 4) i«a«, 
tba alay yrafarrad aiakai ia aaafNiriaoa t a aalalvM* 
i^i 
I n a atudy of ionie •xebang* •q i i i l ibr ia vi t i i the li«lp of 
•xebfisge Isotbems fironented at oiunras of •qoiTale&t eatlon fraotlona 
of <me ioa in solutioii ^•rwuw %%• fraettoa In aolld pliaae and 
•obaaqiwnt ealonlatiocis of tbafnodynanio qvantlttos i t la naoeaaary 
to kaap tcmle atrangtb of axt^^u^lng aolntlona oonatant. miarafora, 
in our further aiaooaaicn onljr tboaa iaothama w i l l t>a oooaidarad 
fi!iie& msre drami at oosataiat iimto Btrmmtb» 
Ifieae itotneraa (Pis«25f eorvat 3,4) abowad tl iat niekel vaa 
strongly preferred bj i l l i t e in eoni^riaoD to oaloiuai tbrot^boot 
tbe range of eoneentration atndiad at botb tba tanparaturaa* Hie 
afflnit^r of nickel deoraaaed aa traiparatura inereaaad* 
me aeleoti^ity ooeff lelfnts weri^  oalenlated frora tbe 
i i 
relotif>n3hlp 
fr « ^ i * ^Ca y^^^h f J, . 
* c a ' *Hi y^^^h 
iiibera X refara to equiTattnt ioaio fraetion of ion (Ca, Ni) in tbe 
exobaager phaae, X to tbe «ole fraetiflHi of eooater ion (Ca»lii)» in 
aolati(»i pbaee, Y to M»t aotivit|r ooeffieimta of tbe apaoified aalt 
in tbe aolntiatt ybaaa* tbe aean ionie aetivity ooeffiolenta is nixed 
aoltttian were oaloalated aa deaoribed by Ijaodeloat et.al^ and are 
given in tableiCflJowiCVlD* 
Hie valuea obtained for IL and tbeir variation wltb temperature 
and i||| are ebovn in rig*a6 and are.oorded vide tablee CI I to CT* 
Daring tbe exebange at y) C tbe aeleetivitjr footient deereaaed, tben 








Co- Ni 60C 
• 
° •• / 
six y 
1 1 
0 Q.2 0.4 0.6 0.6 10 
Equi V. Ionic fractions of Ni in iiiite Xf^^ 
F/G.26- SELECTIVITY OF Ni ON Ca-ILLITE 
^ i f 
CqulvolgRt iontc fractioo» of ptokel and calol t i mnA 
tfl^etiritw qnottgatg at SO S for tiif aiefegl ft«ctegiigi! 
on calct tn t l l l t e . without ad^lustina ionio gtrgn^tJi 
I"" "" ' I'" i r I 


































































• 0 . 6 8 8 
• 0 . 6 5 7 
- 0 . 5 6 5 
- 0 . 5 5 2 
- 0 . 7 2 3 
- 0 . 7 4 0 
- 0 . 6 8 1 
- 0 . 4 2 6 
- 0 . 4 1 1 




^ / ( ^ 
TABy c m 
Fqutvaleot i,<aatc fracticmt of nicfcel and caloim ana 
BCiectivity gaotioatg at 60 6 fgr ttm aiofele •xch-'^ iiisfi 
on ealctua i l l t t e . iiititoui aaiuating the ionto atreagth 
^ i Ca X, •ca «c Jos g^ 
0,064 
0.131 































































- 0 . 6 8 8 
- 0 , 6 5 7 
- 0 , 7 0 7 
- 0 . 7 3 5 
- 0 . 7 S 3 
- 0 . 8 2 1 
- 0 . 8 0 4 
- 0 . 6 3 8 
- 0 . 6 3 6 
- 0 . 4 3 5 
- 0 . 3 0 0 
- 0 . 0 1 8 
0 .180 
'I \nL. CIV 
nuiva len t i o n i o f r a c t i o n s of olck<»l ami calciuss, a c t i v i t y coefticlpai 
0 
of • o l t t t l e n and a e l e o t t v t t y <|aottant8 a t 30 C 
fo r t h e n i c k e l ftxct^an^e oo oalelusB i l l t i e 
\-i %i \?3 %: y^'^^'h y'^^^\: V ^^^z'^'., 
0,oan 0 .003 0.936 0 .997 O.R9* 0 .99^ 
0 . t 2 8 0#013 0,S72 0 ,997 O^S^^ 0.9SB 
0.195 0 .037 0 .e05 0 .903 O.S95 0.979 
0.1:72 0,09© 0.728 0.910 0.896 0 .967 
0 .333 0 .1*7 0.665 0 ,853 0,900 0,958 
0.^15 0 .203 0,5S5 0 .797 0 ,903 0.950 
0. ' i92 0 . 5 8 0.50*? 0 .7*2 0 .90* 0.9*7 
0.556 Q.3<in 0 .*** 0.620 0.908 0 .933 
0.631 0.500 0.369 0.900 0 .9a* 0 .92* 
0.681 0 .558 0.317 0,**2 0.927 0 .923 
0.786 0.676 0 . 2 1 * 0 ,32* 0.939 0 . 9 1 * 
0.885 0 .795 0.115 0 .205 0.958 0.906 
0.9*1 0 .853 0.059 0 .1*7 0.959 0 .903 
IS.JO 


























^ ^ 7 
qulViUent tonic fraotlooe of nickel nnd cAlciixm, gRUvlty co«tf l -Itntj 
o 
of solut ion »nd s e l e c t i v i t y cj00ti<'Ots at 60 n 
for the nickel e3tcl»t»nge on c^lciiwi 13 l i t e 
—ir--|ir MiiiiiiM .1 • i i i i—i »iiiiiiiiiiiiiiii»iiniiin iiiiiiHiinw iiiBiiiWiii imimri wnnmi i ir • imirn H T - I I - r'nr la-i iMif-Tr 
2 * ' *• "^ " 'I -rT:——" I.. , —t" •' -? 
• m '"hi 'V;i '^ Ca YliCin yMCl^ H\ lor* 
0.064 0 .003 0.956 0.997 O.Q9^ 0.99% 
0.129 0 .013 0.872 0.9B7 0.69<» 0.9SS 
0.195 0 .037 0 .60^ 0 .963 0.895 0.979 
0.257 0 .093 0.7^3 0.907 0.896 0.967 
0.321 0 .150 0.679 0.850 0 .900 0.95S 
0.398 0 .207 0.602 0 .793 0 .903 0 .951 
0.461 0 .263 0.539 0.737 0.905 0.9^3 
0.556 0 .380 0.44% 0.620 0.9^8 0 .933 
0.623 0.50& 0.377 0 .498 0.925 0.924 
0.676 0 .562 0.324 0.438 0.92B 0.923 
0.765 0 .680 0.235 0.320 0.940 0 .913 
0.841 0 .802 0.159 0.198 0 .951 0.906 




























aeor«R««d e<Mttiatioa«t]r» flia« tit* i»ir«f«r«»oo of mete*! for thtt i i l f t to 
generally,doertoMd v l th a rioo in i t s eonooatratlon on tlio solid plioM. 
ror o turthor oxmluit ioi i tiio tbomodyiiaMlo o^allibriiia 
oonotani fC woo ealoalotoit hf tho oxprooolos 
I 
lo S • J »» «b ^%1 < 5 > 
llio values oro roeordod ia tablo CVI|o)« I t woo ooea froii ttto table 
that tlio voloo of S was blglior at SO C tMtm 60 Ct again oboving 
that nioicel had a higher preferonoe for i l l i t e at tho lower toaperatore* 
^ 0 waloeo of overall ohaageo in fro® energy (Ao ) , 
enthalpy ( 4 U ) and entropy ( ^ S ) wore oaloolated and art) reoorded 
i» table CVI(a)* The valttoo of AQ wore ttogsttve at both tOMperatures 
ead deeroased with rise ia toaporatore* fhe mMvhmiRm re salted in aa 
entropy decrease. Ion MEohiaure resetioas ia olays are often aenoapiaiied 
by a re la t ive ly saall aegattve eat ropy ehpi^e * probably doe to ohaages 
ia ioa hydration* 
fo eheek the ve l id i t y sad aooitraoy of thofsodyaaalo paraaeters 
for aiolcel exchange <»i Oa«>illite» a ecaiparieoa of these was aade with 
those obtaioed fros tr iaagle ro le , fhe rosalts are givea ia table CVI(b] 
Oariag ea*lfi exehengOt the value of Z\ G° at 30 aad 60*C 
shoired dlftereaoe of 119 oal/solo aag iO% eal /aole, while the valaes 
of a n sad ^ 8 Showed a differeaoe of tih9 oal/aolo aad 0«%3 eal/aole 
rospeetively, whea eeapsrsd with tho valaes obtaiasd frea the valaes 
for Oa*l|i aad l||;«lli oxobaagos. fhe differoaoes wsre withia the 
TABU!; CV1(») 
ea I H H « at 30* •nd 60*0 
Tbenso^yiifiisio 30 C ^ 0 
paraseter 
K 3«S5 2.1i2 
^G* <KkJA»oU) -2 ,97 -2«56 
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•xp«rUwitt«l i>rror l l i i l tg • 
H I * ttttrfiiee pliate Aet lvi ty oo«fflottntu of Mi and C* tens 
vetti eaI«alatA<9 iif pitlittalicKl »«thed» • Ifee valoia obtainad »f 
raaordart in tablaa CVIX and CVtlX* fli« Taliiaa for atokol toadod to 
inoroaao aad tlioae for ealotni dooroaao. Sueii a ^aliavioiir mmj intfloato 
an iBoraaso In bom^enotty In the distrlbi i ttoa of Nt lona and a 
tiot«rogeB^lt|r i n ttie dlstritifitton of Ca iMia ovar tba i l l t t o anrfaoe 
v i tb an Inereaae in the aqtiiiraleat ionio fraetion of nielcol. 
file otiaagea in tbomodyaaaie fonotioaa for tbe roal axohaaga 
warn oalenlated in t)s« tianal viqr^* fba vaiiiaa ara raeor&ad in 
tatilea CVIX and CVXXX. fba Yalnaaof A (^ vara nagative at botb 
taiBperatttroa vbioli naant tliat with raapaot to ttia psra fonaa tbe 
tietarf^aneoaa aorfaoa iibaaaa vara mora atable tban tbay wooid ba i f 
tba aixing vr9 idaal i,a» tlia daviatioo fraoi idaa l i iy ooonrrad in 
tba aaaaa of a nora stable aixtnra* fba aatbaipiaa of aixing at botb 
taaparatnrea were aitbar saro or negative i .e.» tbe atrengtb of bonding 
of tbe nixtnra of 1f& and Ca~ teaa tboagb i n i t i a l l y aaaa aa tbat of 
tba pure ioaa tended to beeoae ureatar iritb inereaae in ooneentration 
of Hi^'*' ioaa» An i n i t i a l poaitive •»e99» entropy of aixiag aaggaata 
a aera ideal etate of tbe alxtare* A ^ange to negative •alaaa 
indieatad devlatioaa frea tbe ideal bebavionr and a aignifioant 
beteregeaeity at tbe aorfaoa. tbe differenee in tbe bydratioa 
ratea of tbe ioaa in tbe aixtaro laaaltad in a aeoreaaa ia eatropy 
vitb reapeot to tbe beaoioaio foiaa* 
:i5\ 
T\BV OVII 
1h& ao l ia phttae a o i i v i t y ooef i ' l o ian ts . •xoess frae eaci^v, 
• n - 1 II [ I , i-innT; -. • o. •. i . . _n-iir •iii •Qir .ii'fi iii ill Tiiril -i r 1 --ii "'^ • • - , - • - ifc,.-, [ • • [ • I T T I - ' - 1 — ~ ^ n — i r - n - - n [ i i - i i i n r t i n n r * 
«8t!ialfnr anti en t ropyo f Brixtag f o r dift©i;«at_o*sici«aB*sicfe^I 
' — I III I I'lilii iin II I I- fi [I i-ii III iii^S ••• " •'• ' • • - t * ' ^ — - n •~-"n-m -"—" — — - — — " — — — ^ - — - ^ wiwi III IWWI^B^I—MI 
e 
ooBposltiooB on t l l l t e aurface at 30 C 
\i hi *0a ^'i ^'i 4 ' * 






































• 1 . 0 0 
• 1 , 3 0 
- 1 . 5 0 
- 1 . 5 7 
- 1 . 5 7 
- l . S i i i 
•1.%1 
- 1 . 3 2 
• 1.18 
•0.9% 










- 3 . 1 9 
- 3 . 1 5 




- i .%9 
- i . !J t 
• J , 55 
- 3 . 9 0 
- 7 . 9 8 
- 7 . 3 0 
-7.%0 
- 8 . 0 0 
Itie 
m i l 
s o l i d rdHas® a o t l v i t y o o e f f l o i e i i t s . exoesii froc 
















tow a i f f e imat e#lci{a&»!alck€.a 
ooapot i t ions on i l l i t e stjorfaoo 





























at 60 *C 
(l&l^i»i•) (ly/iBoU 
-0.6% 





- . l .%0 
•>1.20 
-1»05 
• 0 . 9 2 
- 0 . 7 3 





- 1 . 7 0 
- e , 2 S 
- ^ . 3 3 
- i : .50 
- 3 . 8 6 
-%.%5 
- % . ! % 
- 3 . 6 0 
-3 .11 







- . .56 
- 3 . 5 2 
- 7 . 9 0 
-10.2% 
- 9.8% 
- 8 . 6 5 
-7.9% 
- 0 . 7 6 
2. faii8tlov,A.P«g t o i l 8«i«» 35* 95* t938* 
3* Kk'|«li»aBoortliy*c.* n»vi«*ti«E» and Orcrst««t*R«* 8el«iii»tt* 
t08* 439t i9«8. 
%• Oaiii«»*G*t.« and TI ICM««*H*0»* «f*Oli««*Riy»** 21* 71%* 1953^ * 
5« f«Mleb*A»A«* Barehftd*!* and Over«tr««t*ft** Soil Sol** 90* 219* 1960« 
6* Van Bladel* n* lind Lnuaelotit*!]** Soli Sol** 10%* 13%* 1967* 
7« Haes*^. m& ero»or8,A»» Soil t 'ol** 119* 19S* 1975* 
8« Bliir,b<il»i?*p*, )9iao*8«t?« aod BaBael*0«l%* J.loorie* atid Kitol*Cltfta«* 
38, 2897* 1976. 
9 . (!®llleFtO»H«* Scbald* l!«W* and Sode{c*r*B., ^.Clion* du** 
36* 555, 1959. 
10* Gyallng*R« and Seli«farsaiibae)i*G.* nelv*Cb«is*Aota»* 32* 1%8%* 1949. 
1 1 . NarlB8ky*A«* IOB axolmngo. A series of advtiaoee Yol»I* Cbap«7 
Naroal Oalrkar»Iiio.* Maw York* 1966* 
12* Laodalotit*!!.* ?aa 91adel*H. and Baliayna**!.* Soil Sol*Soo*Asi*proo.* 
3 i * 30* 1972. 
13. •aai*ft.G. and iafl>ba»ir»!)«* Clar* OM^ Clay Mlnarala* 19* 31tt 1971. 
1%. Oaat*ii.O.* Van Bladaltfi* and Dasiipanda*K.B.* rroe.sol l Sol«Soo*/in*, 
33* M l * 19i9. 
mmnBB m fm trnwrnm or wtsricxms m vm 
wiiiwiiiii iri niiiimiiiinri mi IWIIIMIIMIIINWIIWW———i ii»iiiiii mmmimmmimmmmmimmi tmtt uiimHmmmmmmmmmmitm 
fgAC?E iiEWESiy tTAfPS or saii4it 
« • — I W l — — < — .l>i'JIMIIMI<lll»l«M<»wl»»liMMIIM«««M«««WII«»»M»l«M«lll«» 
I^f^ • I t Efftot Of i»tMt&lirfaio»>diloropn>p@ii« (assagQii) ana 
hmawno Ii«s«dbl0rl4* (SfK?) «B tiio 0« Co aod Ctt •tatitt 
• f A •ftltaa t o i l 
MRf • I I I Sfftot of l,2«ail»rano«*>»^loro|tiopaM (aonagon) eod 
tooaooM HosoOiilorido (1^6) on tlio nn and f^ Btatm 
of a oaliaa aotl 
g^  Ce AMP Co gfATOS or A BAhSm SOIL 
fbe evitr gftnrliig loporlaiioo of tHe oie of fwtttoides ta orop 
l^ rodiietioii orootos tatorest frc» tt»e •tanApoinl of tiioir aoo«Rit«tt<Mi 
ta toiio aaS tlMlr offoott on toil proi^rfiot* Wiilo this se^ioot 
liao toeon otoaiod In oaaoiaoinablo dotail %y oovonl «oflc«r» ^ Sitfonn* 
ftOB on tlio InfiQeaoo of peottetdos on ilio traoo ^Immat ototnt of ootl 
io looktsg* SlBoo traee eieseiito Itl» herm^ ooiisU and eop|)er plogr 
no iRportent rolo Is plant KfttaHolittii ani onlnftl natrition or twtteity^ 
i t ima ooQslSeivd tbat a atu^ of tbo affoota of tf2*diliiroiK»»>> 
i^loropropanot ouMMaly knoim ao atwigoB and ^aasaiia liaxa<di]ortda 
(8«R»C«) oa tiia availaMlitsr of tba aliora alaaaata la aoil will hm 
of ooRsldiaivble tntataat* flia aoit atltetad for tliaao iavaatigattona 
waa of a aodie aaUaa nattim fran tlio diatriot of Allgofii la tutar 
Prada^, 
E X P E K I M E l t f A t 
Iha aoil aaad ta tliia atndr (Oapt&t 0*30 an) naa oollaotaci 
froa OMitral lotrlaatfat typt Xllf Alifaili NaeUa Oitvaraitr araat of 
Aligaili tflatriat* It vaa drtad omahaa aad aaivad* flia 8«norol 
ili3rolo«*^«itooI prapartiaa of ika aoil aro giimm la tabla eix* 
«*5 
Hw •sptriatBts on tMn ia f lamiM of p«»Uoidtt on tli« trae« 
•I«Miit« wtf« doM in •ftrilMinrart pott of 20 x 20 M I tiso Itaod witli 
poIsrHioiit ^oots to pwwmt olioorptloB of notor* ftw poto ooBtatniai 
ono kllogvAB ootl la oooii oooo veto trootod to ootor bolding oopooity 
wltti dtottllod vator« sis aoooo of owtitfEoii (0«0i 0«l» 0*2, o*}* 0«% 
oaai 0*5 • ! ) wore tiioo Injootod to a doptii of 12 on la t«o topileatloao 
wltiioot growlBg aay orop* fHo pots wero aalatalmd to notor bolting 
eapaolty tliroi^out tlio oorano of tho oxparli^at* Tlio troatoA ssasplcss 
vofo parlodloally a^nn ^ a t o l l oaiaplor at intonrala of 15 days ana 
tliaa aoalysad for wator sol«l»le ^oroOf aivallalilo aad total ooppor aaa 
total eel>alt« 
fhe foliowlag aotboAs iroro odoptod for tlio ostlaatloa of 
difforoat pbyaloo^-i^oaloal proportlos and aloro natrl<mts* 
gUS<^aiCAl. GCWPlSCTIVlTr 
• ^ * 
flio olootrloal ooadi^tlvlty vas aoasorod at 90 j ^ I C vltli tlie 
liolp of Ftelllps eoaaootlinty ^nogo aaa Alp typo oal l m6 a I t5 ratio 
of soil to imtor was ttooa tor aliovo parpooo* 
mmmtmm-mmmmmmmmmmmmiimmmimimm 
Hio vB vas rooordofl wltH Klloo pn aotar aoAol i l * IO vltii glaav 
aai satoratoA oaloatt olootroAos assaMl»ly aaA I i 5 ratio of soil to 
oator was oaoA for aoaatirlBg tbo pB of tlMi soils* 
fliftAIIIC H4TT1> 
" ^ m ri r-i iir \r rmi IILJIIILJ—uai 
Orgaalo oaf%oa vas ostlaotod os par icaliiloy aad •look's' 
2^ 
tmttt 8 potAtaloRi diobroaBct*! oono* •tilplitirio aeia, Q5% v^oupbwrl^ 
«eid« 11/2 f«irot«i mmmklvm atilisiiat* ami atplitnjrliiiiliia Snaioator* 
»roea4oytt 8 f of t o i l sanpl* was talctii in 500 n l oonteal fleaic. 
to at «r ir i»ot«tsiaBi AioferoBai* aad 00 • ! of oino. OHlpbario acid noa 
aattod* Tliii flasK iras i^ alEeii Tieorotwly and ollonod to ataiul for 
50 Kimiiea* 200 a i of disti i ied vstort iO at of ^os£itioriQ aci^ anil 
t o l of dipiiensrl anlno indioator vara adtiad* A daap ooioiir appaaivd* 
flia axoaaa potaaaiua dialiraaato ima t i tratad egaiiti^t K/2 farrotsa 
aaaoAita aalpbata aoimtiOB t i l l tbe violat colour ^ fiitad to pto^pla 
mas f inal ly to graaa* Blank dataiaination «ae alao oarriad out in 
ttia aaae «ay« fron ttio irolona of dicHronata tiaad for OKi^tian* 
e^gaaio cax1>o» (aacorreot^d) was ealoalatad ttsiiig tiie a»pitNisi(ni 
organic Camon • ^^^^ tf^F^zm^^f J^^^^) „ «„ Pfm ».M , ( in g) mtmt of dry aoll in i • 
aliara M vaa oonoMitratian of fanroiia awinniaa aulptiata* flia iralca 
of orgaaia aax^on wao eosvartad to organic natter hy aaltiplying 
witli tlia factor t«73%» Ilia rtanlt ia given in tal»la CIX. 
Witar aoldbla ¥om «aa aatiaatad aa par Dilila at al**a^ 
aatiiod* 
lofaiptft anraonin-aBalia acid raafoat (0«0% g of oarotiiin • 5 e of 
analia acid in 99# atii«iol)« 991K otlMaoI and %oroa atandai^a* 
257 
Proeednmt Wmt tiw ••tiaattott of vat«r solntoU tmrmfi^ « 5 g soil 
•tmpU vat bell«4 with 25 • ! di«till*fl imUr in a fl««Ie flttod with 
a rttlvm o0&A«iiMr« 9li« ciitpeiifti^ was o«&trifiig«d« 
^ > 
FfWB the above oxtraetf 20 • ! woo taktn in a 100 al boroy froa 
b«3isar« tli«a k ot of oure&nin osalie aol£ raafcent im« ada«a end 
alaeea «eZ2« Itaally tttn SOIOIIOB ims OTiipoiniteS to SryneBm in an 
oven tegniated to a tenperatttre of 55 jt ^ *^ ^ ooloured aabatanee 
reeoerfmiiie Oaveli^ ied daring tits evapotatton ana airing* 
fbe lieaicer eontaining &ry feaidue %a« eooled to roon tespera* 
tiiiret reeidoe dieaolved in 25 s i of 95^ ettifmol end filtered* Ifie 
abeoflit noe of ttie aoliition wae ivoorded witb Batiai]li and hoaib apeotronio 
•20* at 530 vm* A etandard onrve of boron wae aieo prepared in tbe 
range 0-iS ttg in S5 «i ettmnol vide rig*27t ourve i* fbe reenlte of 
water aoiuible boron for wariooe doeee of nettas<>B vitb daye are leoorded 
in tebie cs* 
i i 
Copper wae eetinated ae per Obeag end 8ray<e^ »etliod« 
hrktUMm COPPER 
Beatentei tit aaaionittB aeetatot 8551 ewioaiei dll«BCl» i$ aedian dietbyi 
ditbioeeibanate and eopper atanterde* 
ffoeednrat To eaeb of the 5 g of air dried eotl eenple weigbed out 
in a i85 at oenioal f laek« 95 ml of ill e — i t f aoetate wae added* 
nm fleeke were etoppored and ebalBen for balf an boor on an eleetrie 
•luiaMr* tbe oentente of tbe fleek were tben trenefeived to a Bnahner 

fmaal In uliltili « BK>i»t lili«t«tfiii f i l t e r pa^r No»%2 bnA tm&n •tatcd 
%y S«&^ *^ •uBOtioii* 11i« t o i l ««• ItsolMdl vitli 75 •% of amootta 
aeetate iiaa«d in tBuill quaatitleii &o thst tii6 Xaaeblng prooeas waa 
ooaplatad ta ana tioiir* Baagant blflok ma alae eaad nim iba aane 
voluBie of mmwLtPm aootata* Hia neaidoa in tlia t>a«i^r vaa tben 
ir@tta€ ^th 5 Ml of (^ ftCl atirraa «it^ a polloaaaD rodt and ilia 
aoltition dllutea with tO ail redtatillaa watar^ foUove^ hy ixtmaintQ 
f i l tratioB to fWBOva aiUea* Hhm f i l t ra ta vaa ooUeot#a ana ilried, 
mnA iSxe nmMu9» vera aiaaolvad Is 2$ B I of diistiUad vntar* 20 a l 
of a^eii of tlwaa aolnttana vara tliaa istlHaa^ for '^n aatiaatloa of 
9vatlr.Me ooppar. In 20 ffii of t3ia above aolniiaiiy 5 ml of 25!?-
Mnoiiia ai3^  1 ml of aoaia» diethyl aithtoearbi^iite aolutiooa vara 
oatea in a aapirattng ftn&al an^ t to • ! of oanioii tatraclilorl^a ima 
e^a^Q to i t an^ atinkaii for Q »iiititaa» ftie oarlioii tetmoliloriaa layar 
vaa then aioted and at»aort)mioe vaa raoerHad vitb Batisidti atul hmti 
apoetroitio *20* at a vavalengtti of 440 «•• A ataadar^ ourva vaa alao 
draiNi in tba eottoantratiaa raago 0<*80 tii of eoppar in iO a l of 
aar^an tatrofiUloriOa vida rig«27f oorva 2« fHa reanUa of availiBilila 
aofpar for variona tfoaaa of aaaacon vith dajra ara raoordad is talila CXZ* 
TQgAt cflrwiy 
Ifaaavtat Mfaation aixtufv (too ml of 601( BCIC^ • iO a i of oaao* 
•gtll^)» oaaaAaaaaniaf t% aedioa diattiyl dithiooarfyaaatay 25% aaaoaitai 
oklarida and oofpar atandarda* 
ttaaadaiit A • f aaq^la m» takm aad digaatad aa » kot plata vitli 
Mml 9i d l n t l l a i aiatviv^* Sa aa oimaifcaayfcogia aoid batli t i U t ^ 
959 
•oi l W M M • oU«r niilt* w9iAm taaa no poff«slilorie aoia twi«iiio«* 
Vio tfrioA iofida« woo thmi iilacoa vitli S5 ml of dictillo^ Vfttor find 
fiHtoyoa* 
fo 80 al of tbo ot»0Vo fiUrotOf 5 • ! of 25^ oasioiiiiHi ^lorido 
pItts eoiio* ansiQStii «•!« ftddod t i l l tiio solution beeano neutral to 
litsBQs* 3 drops io oxeess Here thsn also a^ioS* iiiis solittioa wis 
tttlliBod for tito total oopper aotenaiiiatioii cis in tlit^  € ise of availablo 
Qoppsr d«soril>ea etto^* ftifs results of totol eopfMr for irorions dosos 
of iMMiaiOB wi^ &i^a art rooorded in table OXII* 
. 10 Tot£il oobalt ^la ostiraatod as imr smdnU*& yetDoa» 
Boagentat %0^> so^ iitiRi oitrata« sHirofolorio aoiil» im iHOlt iH BOl 
SH !la(ieE» 9< 11^ 0^ 9 t*iiitro«o»2 naptbol raagentt ^lorofom ana oobalt 
standards* 
jhrooadaiat A 5 g aoil iras dlgastrd vitli 5 nl of 70$ |)srohlorio aoid 
and 20 »1 of fH nci near to boiling point for 15 nintitos «»d then 
filtarod. flia msidoe on tiir filtar paper was oarsfolly naabed snd 
tHa filtrate oollaeted in a 2$ «1 irolonetrio flask and diluted to 
the yiMi» 
80 nl of aboire saitraot «aa trsated vitb iO • ! of aediiM 
eitfttte aelntien snd tbe pR adjnsted to 3*5 «itb the help of 211 !I01« 
re tbe solntien iO nl of 3% HgO^  IMS added and eoloor developed witli 
8 nl of i«nitro80»8*naptbol aelntien* flM eeloer was eavefnllr 
zio 
•Ktni0««d wtHi 90 a l 9t oblorofoni* flit ^Alorofom liqr«r was ira«li«a 
vi l l i aci md tbta with sot XftflB* 
^19 «liIofofotM j^aa« was its«a for takiag «1ISOIII«IIM • • • •a iwimt 
iistiig •BantiA md Imlb* •paotmoto *80* at 930 a»* A atandavS eurva 
for e^baU iraa alae piapanid tn tba laaga of 0»dO ng to 90 ail of 
olilorofofs vtOa WiM»2% ewtwe 9* f*^ vaaolta for total oolialt for 
varlooa 4oaaa wltn 4afa ate giTOB Is toiila 03aiS« 
flio ax^rlsontal data ol»taiii«d ot oaoii oimatitoaBt of tlio aotl 
waa atibjeotoa to atatiatteal anolyaia of viirlaiieo aooordlng to tlie two 
iray olaasifloatioo witti oita «i>aarvatioit ^v oall« tha sa i l tisrpotliaaia 
%atiig tlie aqoality of tHa affaota of diffarant aoaaa and dlffaivat 
ttam iBtarrala* fba aalonlAttona wart dona aa followai 
<a> nto oonaotioD faotor waa e^taiaod freoi iltm fomtilat 
Re* of aiiaarvatiMW 
(%) f*8«s« • fa ta l of a l l aqaart •— 0«F» 
(a) ••8» for iajra « Avaiafa of tba a^iiarta of aoa of raadiaga of tlia 
aoMititiiaiit darlaft to ta l moribar of daya - ^ C*r« 
(d) t * ! * for daaaa • Avaraia of tba avoafoa of am of raadlaia af tim 
aoaatttaaat darlag total avHiar af doaaa •— 0«P* 
<a) i*s« for arrar • T«s«8* •— s«s* for daya « - 8«s« f^r doaaa* 
861 
( f ) l l * i* (II9IIB tqiiartt) • VariaiiM « | ^ * 
ulitrt li*0« •» d«gr«ft of frt*do« or maOmr of dbMiraitOM.— t* 
( i ) L.S.II. (LMot sigBifiOtfit atffoioaoo) • . / ^ ^ ^ ^ ^ ^ 4 . _ . 
'V D*r* Of a f^o or ooooo 
Cb) Tailaiee ratio « fll^ i^.u,yi?.£Jfy 5f 4 ^ f 
Hie raotiUo Qj^ taiiiod t& oaoo of mtor ooIiibU B* ovailaliie 
oi:^  total CUf total COf pO aaCI EC ato givaa vide tabio a CXTX to 
26a 
•iiero<»aatrt«nt »f»twi of «ot l o»»a for «tudy 
ItaMWAM WiKfc*. • • M " ^ " . y. i*-- ' i>*-> ' —IMMIiitliii.i 
Soil p f f ^ r t i o a ObMrvod iralms Hioro»titilettt« 
'•MWB'jiw;'- •*• iw»*'i •wiiirmw-*t~iw-ait>--:Jit <* '^•MirD 
fll)»«rvea 
EC 
Oriwtfto wi t tor 







Exoliaii«oiibl.e Vit l i » 9 ppi 
Avotliiilile V9 38*5 ppi 
ffater •oltil»Io D 
AT»iltt1)l0 Ctt 





t^l l CI 
Ett99t of a—agoB oa mmt^w •oldHIe borcp of »cil with 
inrtattflB in oqtto^tiiiHwi anfl tUm 
Hoot in ffctor aeltiblo borot in pis at •arioos dajra Avaiaga 
a * p a y « •» • • • • | ' • | l HI lyMmiJl-lilMI « l|l»ll WIMWHIIirMIHIIIIrlMIIJIHI ||III1HII rHiiiiiUM 
kg aail ^ i5 10 *5 60 75 90 
0.0 2*09 &*48 2*75 C«50 0,25 S*S5 2,00 &,52 
0 . i 2*17 2,66 2*85 2*66 &,55 0.55 e . i7 2.«5 
0*2 S,i7 8*66 5.00 2*75 2*50 2.33 S,i7 2.5i 
0.3 2«09 2,83 3.33 3*00 2,66 2,50 2«33 2«68 
0.% 2.09 2«€6 3*00 2,75 2,33 2,33 2«i7 2,%7 
0.5 2,00 2,50 2,83 2,66 2,33 2,33 2 , i7 2,%0 
Atraraga 2,iO 0,62 2,96 2,72 2,%0 2,35 2,i7 
26% 
gfftot 9t 1—ion an vtmtX^lm oemtr of •oi l wiili 
irsriottott te oonoontnitton taA tl— 
^¥kM*^JK<-MM(jHHI T 
Host in AiTAlSas^ lo eopiwr in I^M at vsrioot oayo Aironigo 
*i •«*» I IS 30 %9 66 75 90 
0.0 i«09 t,«0 t«6% t«56 l .«0 U25 1*09 i»3S 
o*t i«09 tM um um um uv^ %.t3 t*49 
0.2 Utl i«56 2.03 1*88 1*6% l.%0 i»25 1.56 
0,3 s«t7 t*$% 2*26 e«03 um XM t ,«o i«69 
0,% i.o9 u% um un i*§6 uy& t.83 t.so 
0.9 i.02 i.%9 t.79 t«6« 1*56 1.3$ t*17 Uht 
Avongo l a o i.9% t»93 t.77 t»58 t.39 t.23 
869 
i i ^ i i i i m I mill I I mill H 
I f f a t »f mmmiva wi toUl g»yp«r of tol l i»itte 
vrt«ttflp to •oiigwiti»tiop aafl ttot 
j-nram't—iuaniiii-jfc .—jf.^iu 
Iknm to f«l«l ooi^r to ppi m% vartoa* aa|r» inr®fig« 
• 1 P W •Miiiwiiii II iyiiiiii«rn»iM I iiiiiMI i i i i r | i i « » iroiw ii|i. i.wiw ., .»l I | | i i i l 
kf t o i l J 15 50 45 60 75 90 
0*0 41*4 «8»5 %5*6 45*0 4S*5 4@«0 42,0 42.4 
0,1 41,5 48,5 44,4 45,9 45*0 48,5 48,5 48,9 
0,8 41,5 48,5 45*8 44,0 45*4 45,0 48,5 45,0 
0 , i 4t,4 42,5 45,7 45,0 44,0 45,4 45,0 45,6 
0,4 4t,4 48,5 45,7 45,0 44,0 45,4 45,0 45,6 
0,5 4t,5 48,5 45,7 45,0 44,0 45,4 45,0 45,6 
Aymrmgm 4t«5 48,5 45,0 44,5 45,5 48,9 48,7 
M W M M H M M M M H N N M H 
866 
nMm enit 
gf f0 t of a—Mon OP tot«t ogili^ lt of •oft with 
yrlotton In oopoctttrotion ona tUm 
•iMHnMMBMliaiMWMaMMMaMlnaMaiKaMsMMaaMlNa^ 
• • 
Doio in folal ot^alt la pps ot irotioiw l^ajro Avomgo 
• I l ^ r • •" I " i i i ' l ' w i i i r i iy«MT. , i i ii«iii|minrrmiiiir-.iiiin|i.i.iiii i i | .*i|i»i»^ii,i iiiliiii 
H w t l I 15 50 %5 60 75 90 
0*0 15*6 16*9 t7»5 i6#9 16.8 16*3 16.0 16*5 
0«t 15*6 16*9 I7«® 17*5 16*6 16.6 16*2 16*7 
0«S S5*6 17*1 17*8 17*5 U»9 16*6 16*8 16*8 
0*5 15*9 17*2 18*1 17*8 17*8 16*9 16*6 17*0 
0*« 15*5 17*2 18*1 17*8 17*2 16*9 16*6 17*0 
0*5 15*5 17*8 18*1 17*8 17*8 16*9 16*6 17*0 
Avorago 15*4 17a 17*9 17*5 16*9 16*7 16*5 
>im iim\mm<miiitmmit»Mmi''mi'<'<mmimmiiM'»*»i •> I*^ -^*'»MB>- ™wi«(i«**i#iw^-,i*«n*«r • 
267 
f ABut catty 
• • • • • • • • • • • • • • • • w i M a M M i 
Wft%«t of Mt—ian « pB of • o i l wUh 
•artotton in ooitooBtrotiott ona tiao 
Oooo in iiS ftt VttrioQO tfogro Aterago 
lt» ootl ^ t9 90 45 iO 79 90 
0*0 8«5S @«99 8*57 8*50 8»99 8*65 8*70 8«55 
0«t S«*0 8«5d 8«52 8,49 8«90 8«$8 8*69 8.99 
0*8 8.82 8««8 8.82 8«80 e«97 8*82 8«89 i«99 
0,9 8,97 8,99 8,82 8,99 8*98 8.72 8.79 6.99 
0«4 8,99 8,49 8,72 8,99 8,99 8,70 8,79 8,98 
0,9 8*29 8,99 8,87 8,80 8,99 8,72 8,70 8,98 
Air«ro«o 8,92 8.9t 8,82 8,94 8,94 8,7t 8,74 
MiMwMi,~mim>*»i,^ .<a^ <aim»- ummmmiimmMmimmmit*mmmmmmmmmimmmmmmmimmmmmmmmim u t ^ -w>iai-->TfijiNiiim 
2^8 
ifittt v r i a t i w i to ceiit<iitr»tion aM tUm 
<•^•iliHWM>Mi^rMifc.>,^laM•l^ilWill^MW•^•^«Mt*^^ 
I B J L SMIitjP iWMMW><iiiMiimMMi«iriiiiijujmiiiiwi«iM^ w ttmiiiiiiwr •Mwarmr r r i iiwiaiiwnr«|»Tir i -nmnmmmmitmmnir-mmm 
tM soil 1 15 30 45 60 75 90 
i * - . ' * w i w i i n i w i i n n u liwtijirjiiiiBMiiiiMWMiaiiiMitBMwww^^ .i»iw<iiiiMai(u<iiiii>i>)i>y«iMM3>i »•' awMi i i iB i • mrr^w—m iw •, 
0.0 8.8% i«6i 4 a 9 4*07 4.08 4»00 5.89 3.97 
0«i 3*44 4,53 3*88 4*03 4«i6 3*54 5.n 3*90 
0.8 S«88 4,19 4,34 3*@4 5*02 3*43 3*70 3*88 
0*3 3*07 4.3« 4.48 3.24 4.38 3*66 3*48 3*80 
0*4 2*96 4 a 9 4*65 3*i4 4*00 3*47 3*74 3*73 
0.9 S.82 4.04 4.50 4.09 4.16 3.53 3.24 3*77 
Amrnw 3.00 4.31 4.32 3.67 4.29 3*61 3*63 
269 
f .S^S. • &6i«09 • 856*91 • ^aS 
8*S« for d«y» • 8$0#39 « 896»9t • S*%8 
S.S* for 4OM0 • 897««8 • @96*9i » 0*97 
S«S« for otror • ^dS • (3*49 • 0*$7> « 0*19 
ftM!)»i>^ 'k <)' MiWiiiiimiiiiWiwtiiM -'wTimm 
Sooroo of »»P* S«S. K.8« VB r iroluot 
vortoitott 
5!l 1^ 
OiM to doya 6 9.«9 0.980 t9%*89 ^•^S 9.%7 
Ihio to Aoooo 9 0*57 0*11% 36.9i 2*99 9«70 
mm to orror 90 0*19 0*00| 
t»8»i>, for «oy« • y ^ i .y i^ |WI • 0.011 
US.D. for «oiot , y a » P ^ , 0.019 
27'0 
fABig cacm 
8tA%l«iiottl ttBAlmiiii of • « f l « i 6 « of tlu) ttimilftblft ecm>«r data 
<8i»»Siii,iiiiiiii,»inwi iiuiiinmiii mm iii3liiiii»<iitMiM «iii. .iiiw»wii:i»iiii MIJIIMIIWI umi mi iiriminwi>i m iiirm luiimiiiiiiwiKiiMiiiiii i tnujMmmmmmtmmimmm 
S«8« f«r day* 
§ftS» for doooo 
S«s« for otror 
it 
8 I^gf/ • i3^ |*^ ft • 
97*5% • 93.93 • 
96»97 * 93.95 • 
9*«37 • 93*93 • 













I 4#WV-JM(l^ 'iW '^4 
Sue to €iaiy 
oat to deooo 
•tiw—iiM iTii -m»mmumm>tmtm •MB^agac iwMlujii^ilWHiinw V-vSc^ ^»« mWlml l iWWl 
6 
s 
3.0% 0«S00 ti«.@6 e,%8 
0*«% 0«<!99 20«%6 2.33 
3.*7 
3.70 
Sot to orror 30 0*13 0.00% 
•MMM^ «MMVa)MMMSw»-^Wn-- - ^•>ClW>***nlMWi»WW* '»mfumi0v»'<M mmnKjmmm 
U8,ii« for ««yo • / / ? i^ |tQO^ • o.OtS 





iH«tittic«a a n a l y f «t •artiae* ef tim total eopiMir ^•t« 
B*s» for dasrt 
8 
«8 









Oiw to day* 6 
One to tfoMo 5 
SHM to ofvor 90 
5t.9$ B.mo 6li*00 





US.ii* for iagri • J ^ * ^|^?3^ • 0*8te 
t .s ,» . for ««ooo • y S A ^ M ^ • 0*899 
278 
fAin wax 
s«B* for ^ajro 
S*8* for dOMS 
i»s» for orror 
ll^f^t 
• 
tl90i,21 • il899*%0 






Soiiroo of P*r« S»6« 
varlotioii 
lf#5?. VB r valtMo 
MIMIMVKaMaiaMMMI 
5f^  
Dot to dajro 
Dw to doooo 

















U8.0* for diqro • 
l**8*»« for 80000 • J ^¥ pW m O.Jim 
m 
mtmmmummimtiiimmimiiiammmiimimii««• IMW*IIIII(I«««IWI»I •! um»»•• i 11iiiiiiiMtwiwiiwMOW*—iniwiiiiJiiniiwrriKwt»i? iitvmxmmmmm 
6*S* for dote* « 3<m«i4i • :K)S2»t3 • 0«0S 
@«S« tor 9wmw m 0»S3 «• (o*$3 • 0«4lfl) • 0«i8 
i|i>tiW!iSt]lWtir.t«8W*»WieyiW^^ •4Hr..<4«;9»«iM«»e4i^-'«^4i«MH^^ ,WWWr. jtwruiiiwiiiMrti -^KaiiilwonKijKiini WMWifwiw n.u;b]»miir. Miniiwimy (iwiiiiiiiaM -iiiiiiiiiiiiiwwiiinwyiiiiirBi'iiri «.iiiiiiwaiiMiiiw[ftiii^ t%->.-^  .*^'mMmmmm«''«^^ 
iowrao of ii«P« s«s# H*a« ?8 r v^liies 
irwrlfttion ""•'« »""" - t m^ml 
fiS ilS 
IHift t o m^9 6 0«6? oao5 17*50 8.«i 5»%7 
oat t o «OMo $ 0*m 0«00% OtTO !^#55 3*?0 
IMM t o oiver 90 0«t8 0*006 «* 
US.B* for iiQro • / i..ng . ^ 1 ^ • 0«0M 
L«S«B« for <loooo • J ^ ^' ^ j ^ m 0*019 
2.7^ 
VABIJS CXX2 
oa. . H^Sil . g?W»-?0 . 616.76 
S.S, for <t«3r« « 6i9*7S • ^i#»1i • S»9$ 
S«S* for AoMi • 617*0%« 616*?$ • 0«M 
8«S« for OfTor • 11*26 • (S«96 • a«i^> • 8»08 
sotflhM of i>*F« a*a« H*s« ffi P iralots 
5$ H 
toAasr* 6 2.96 0*%99 i«6« S»%8 3.%7 
0«t to deooo 9 0«88 0«096 0.81 a,99 3*70 
iNio t o orror 90 8«08 0*^7 
US.li* for 6«3rt * 
US.D. for 600M • / i ' * I t l i l • 0.397 
«75 
fiuiig oaaai 
C«ri^Utl«i 9mfn«tm^9 »»tiw«i imiU^U »^»f n total gttapwr. 
mt»r gttlidilo teoroa> total imi>«It», gB & E»C» 
<wMM>iiiM(iw«igtMMtiMiiicMiiiHw -jiyiiiiWiwwiiwiiwsj^^ m»mi«mimmmmtmmv\mmimmmmmmmmmm 
Vmm total «ktor fotol J0 i«C» 
Copper oolilblo Cobalt 
BoroB 
Avat].al>So Oop^r 0*990 0*9i9 0«9tO 0*988 -^ .^ TO 
Votal Ooppor « 0*957 0*899 0*688 ^^AS^I 
Vator aoltiebla 8ofwi • • 0*899 0*55S <»0*%96 
Totol cobalt • « • 0*699 *0*50) 
pn • • • • •^•995 
27* 
awMW—I—WMim I II mmmm—mmmmmimmmmimmimm 
f l i * inftiitiio« of aMiAgon on tme« «lMMiit • taint of tli« soil 
t« f«i^r«tMit«i v t i t f l i t»88 to $l« tli« foplittiittd vtluts &m ytoin^a 
is tfli»i«« ex to OXf • 
As 03K«rta«tiott of tlxo tsfloeimo of ilso piottoide Mmtiontd 
aliovOi vid« fi^M^^ tfliDle CX flio«otf ttmt ao ecm^srod to tlio oontroli 
vator aoXtftlo ttonn atgnlfloaotljr iMiiiOM«« raaoboa a saEtaoi valiw 
iritli 0*5 ml dose @t 30 days of i ta appiieatioa and ttiea daolinad. Hia 
lafloaiioe foilowad the doao oidor 0*5 > 0«S >0«% > 0*t > 0*5 ) 0*0 a l 
iwMagoii par ilg aoti* fha naoiiaiilia by irbicli an taoi^ aaaa oooiurrad in 
ttio vatar aoliiile t»ovoB baa been TailoitaXy fapovtad by Bargat^'* fba 
iaeiaaaa in vatar aol^ la boron l i t b a pai& at 0*9 mX doea and 90 daya 
of applioation apfaarad to ba doa to i ta Ubaratien fran oifanio aattar 
in a ainaraliaad foi» by ^ a atlMiiatad nativity of fonidasl maiataat 
baotaria imiob lad to daaaapoaitian of oiiasnio awittar aa tba aoil IMO 
14 
wattad witb vatar* fba vaanlta foimd aapport fraai tba voile of Viaalay 
ana Martin at at* ' l iM bava Mfortad tm enbanaad Miarobial aetivity 
in aotia aa a taaait of foaicatian* fba tbiabaaii l i baotaria mmmA 
to bava playad a notiAla yart in tba aaliibiUaatiatt af boron* Iba 
daalina witb yaaaata of tina ayi»aarad to ba dna to tba diaaiyatian 
af tba abaaiaat vitb lOMiatabliiiHiint of boron fining baataria and 
aiaarytian af baron by aoi i nlnamla* 
fba inf lofnot of nanagon en ayaiiibla «Nl total ooypar botb 
vitb daaaa mA paaaaca of tina ia rayraaantad by yiga*89 and 30 and 
OL 
15 
1 -X 0 0 m l Acmogon kq (Oii 
2 - 0 0 1 
5 - A 0 2 
4 - » 0 - 5 
S - © 0.4 " ;; 




Fiy28-fcttect of nemagon on water sOiua.-*'" ttc^n with 
cunceiitfdition dnd time. 
X 0-0 ml ncmqgon/k9,>p.il 
"• O 0 1 • 
Fig29-Effect of nemagon on availabte copper with concentration 
dnd time 
X 0-0 r:emo9|on/l>y »al< 
O 0 1 '• 
Ooy* 
F(ij3o.fr:f(e»,t ut atrni.ujon on total copper with concentration 
and timt: 
I Pig.'Si-Effact of nemagon on ^)tal cobait with concentration 
i and tima. 
sv 
Htf r99uU9 viOB talil«s exz miA GXIt* An mmmUmtifm of in* 
figisras and ««t« in t«M«8 CKI •»& CXIX f«v»«l«d tiiat «iPiiiIilil« 
«o99«r iiiov««Ma stpiifioamtlsf in M i l witli foMifatftai tvaobliit • 
Maitem at 0*3 a l 9t foaiifliiiifc per leg vol I at 50 dajra aftar iq^Uaatioa* 
Total eofpar vaa atsitarly affaetaa vitli tlia Aiffartaaa tliat t ^ 
affeat hmtme a taa^ at 0*5 « l tfoaa iiitli no fortiitr iaoraaaa or 
dooraaae vttn inoraaaa in doaiiso* ikn tsoreaaa l» total eoppar in tita 
anil Vila dariTod twom tba toi&o af Utet of tlie itfiaaioal. on oartain 
•ierognHii8i»» Aa tbaaa ergsaimm vara kiUaa tsy tba foiiigattti 
i 6 tliair protoiilaanio oonotitiiant aaoh oa ojrtoi^roHe oxiAoaa aane into 
ttia aoil laadlng to an inoraasa in eoppor* ViiH paaaaga of tina 
(>50 daya) iim of feet of tbo i^onioal aoelinad ana tha fnaieant 
aanaitiva nioroorsanini mNeatabUf^ad thanaalvaa teaaing to a daomaaa 
in eonnar* On the otiiar ii^aa ineraaae In availa1»la oopper ves doa 
to aoltfbilisation affaeta aaoaad W 99%l fangi anc^ aa ^apargilJoa 
niaar ' maa aartoin %aet«ria anoH a 1tiiat>aeiIloa« fb» negativa 
infInaaaa on ooppar waa daa to raduotion in biologiMi aat i f l ty liy 
High doaaa of tlia funlgant (>0«3 n i por kg aoii) and do* to adaorption 
of afatla^la aop^r Hjr aoil ninarala vitli iiaaaaga of tiaa* 
A aafaranaa to Pig*3i» tabia CXXtX fartHar rairaalad tiiat total 
ai%alt inavaaaad nan>»ai|^ifiaantlar in tHa aoil aa a raaalt of fwiiga* 
tian ant aignifinontir witn paaaaga of tina nyto 30 days* fbo affaat 
of doaa atdnr nan • • ! • o*% • 0*3 > 0*8 > 0«i > 0»0« A daalina aat 
In aftar ) • i a m «f fmigatian in tlia total aiAalt oontant. fha 
maaona fMr mm ingwaat and daartaaa in total a ^ a l t atatna of tba 
aal l wmm nlMIInr i a thoaa <»aotvad ia tna aaao of total aapfar* fhaa 
27<a 
tiM lAortaM ttt total ooiialt va« d«ytv»d fmoi tii« iirotoplftHito 
•onttltoMt mid TitMitt 1^ 2 ^ ^^ ^'^^'^ %««t«ri«* • • « yvsiilt of 
fiMlf«ti«i» Hk&m foUowtd • WHiitiibliiiMest of tlio minwmfgmktmm 
•ftor • ««rt«l& yorlod duo to tlio gi^daal deoftr of tlie <s!i««i«ftl i^ ft^ lwt 
to • doovtooo i» o«iMiit •totoo of tfao soli eanood W tto tyboorptiMi 
Hy tiM baotorU* 
Wm mpliofttod f^lato of fH mnA ^ luro roooidod la t«1iIo«i 
e n v Mid onr* 
Aa oanBtaatioB of tito oonptliitiffi oooffiolonlo vldo t«l^l« cxni 
xovool^a tiiot mtor oolAlo hottm» ttfmtUBil* ooppor^totol oopport total 
ooliait and 1^ vara aU poaiti'valgr ootxatatad to aa^ oliior mod 
Bogativaly oomlatad toiftaotrtaal otrndnotiTitr pottttlni to aa alaoat 
atoilar wioliaataM for tlialr vartationa i» tbt aoil. 
U Aldrioh«0,G« and ltortta»ji,i»«« soil 8ei* 75» t%9i t95t* 
8« siBglhaltJ*!^ * and 8liitfi9C«P«t J«lBdi«i Afri«Soi« %9« SiOt f979* 
99 tiaflMil9<f*P«t niaftfS«ir« and 0«iitaiG«K*i ^•Sadiaa 8oa»totl 8e&« 
W3§ tOft 1979* 
%• tiai^lvJr.f*, aiatt«S*ir» and G«|^ at0«K«» J«Iadiaa aiMi«too» 
9t» 199t i979. 
9* tlagteli^.f* and •lai^iyG.P.t lo l l toLnMit lliitr* 90t %19t 197%* 
$• AlasaBdarffltt latredaatiflB to Soil Miofoiloloejr* Jate Vllor aad 
t* ValklaTfA* aad tla^tl*A»t io l l toft. #9* S9t9 i9^7# 
«7* 
• • M i i a r t K,0, sad nt>i«,E,, Soil M i * 5% 9tt 19%4* 
9« Bt^l»»V*T,« trouitB* «iia Btrg«r»lUO«f iUuii.GbMi* 86* %!•» 195%. 
to* ••»«fU»«,B»t Oolorteitrto l l tUnilMtif ln of ffaots of ] l i t«l«, 
StttoivolesM | ^ U c N i » t Hmt Yoitp t9l%» 
it* etoBgfK*!.* aaA Br«rtlUB*» ABAl*Cbin« 25> 659f i999* 
IB* Asl»«QB«a«A*» il»i»IU!7*Agri*CoU«8ii»«^a» t95t* 
t3* B*fs«rtIC«c« ana Titiii^ tt^ «t Pnwtioll Soi«Soe«AMr« 7i li^t i9%9« 
!%• msmUy,n*W*$ OsB«^«!3ot« Sty SB7i t995« 
t9« Itertiat *^P«f BatutSf a«0« m& nrwin^ S»%$ wvne»Soil SoUfHto^jkamr* 
2U t65f 1957* 
!$ • afieii«lt^«S*t aiia^I«|9»B« ana 8wcimicira»li*S»t ^AXaat^ootSotl sat* 
^* i93» t969« 
t7* 8iiftttii>K*R,» Paa«gata»J,s*» Pf3r,B*A* anft V^al.»a*Ut Antatropbta 




for tUgh iipriooUaral proAiMfttflB lt«v» li«eii gm&tly f««2is«a in tttetnt 
3r«ar«» In t l i tt «iiiM«ti«ii t ^ i r •ft4» •ffeott oa tbe »tilri«iit mtmtm^*^ 
and tti« •lQroi}iol«Ble«l' •Mm 19 of the t o i l iiavo attraetoa eotmta^rmhU 
•ttonttoti* B<iminirt tttovt im »om aoartti of infovsiatlfxi in tliooo 
fioldo* 
MB oxiotfl In ooll a» mtor ooliitiio ana aa oxdiaiigaaftlo and 
baiioa ts thta atata ia availaUla to plaata* Na^^ wilata oa inavailai»lo 
tint ia tvAoalMa to avatlidllo fom* lliio alaaMot alanf vttli Pa aaaiato 
la foisatien of ^IllarafliyU aafl oaatrola aaaqr oaapUoatatf aratasa of 
aBi4atton fo««ati«tt la planta aatt aoila* I iwi ia aa aaaaotial aatrioat 
for ylaata. I t aaiata aa Pa'^ aai Pa'^, I ta availakil i tp ia cofoiaoA 
%r aaidatiaa io4natiaa potaatiol of tlM aoi l . Alaag vi tu otHor 
v«ria%laa9 Maroofftaaiaaa ara i^paaifiaalljr iavolirad ia Pa traaafoiwi* 
tiaaa* 
i»8««ilHraao»>>olilor99royaaat aaaaailjr kaana aa aaaagaa ia vi iolp 
0004 to ooatfol aaaatodo aad faafoa 4iaaaaaa ia aoila* la vioir of tko 
groot iaportaaoo of tiio traoo olaaaata ia plaat aatiikoUaa aai tiM 
iaoroaaiag aoo of poatioiioa far higi jrialia of orayo i t aaa oaaoiiaroi 
aFi 
Umt Ml «c«Ml»i«i«i «f tlM •!#••%• of b«ioff«iiftt«d ptsttotAM* 
far l i««l«r l r aMMgoRi on tlio fo onA Mi tr«n«toiMoti«ui la o •oUmo 
oodio toll will %o noofttl* 
f x y g i m « i t f j i i « 
g»il >Diqilo» wooii Tbo ootl otfiploo noio tlio «oat oo doooriltotft io 
9«rt I off Gli«ptor VI witii ttio O I M goooriil pti9roioo«»olionieal eliorootov* 
iottoi oo f ivoB la talblo €IX In yort I of ISioptor VX» 
fho oxforlatBto otio fleno in otrtlieiiifoiv poto of 20 x 20 oo 
oiso* fliojr wm oloaood oad fittod oitii ^lytlioao oiiooto on tlio oaU 
of tuo 99to f ooordo tlio limor otdo to p iwtaf aaBOtptimt of votor* 
OBO ktloeroa ootl ooo tben f tUoa Sa oooii of tlio toolvo poto* flio 
oanrploo ooio tties tfootoA upto tlio votor boMSag oopooitsp witli AiotlXlotf 
«otor« Sis tfoooo of a«aag{n <0*0t 0«t» 0»2t 0»9t 0*%» 0«S a l ) novo 
thoa tajoototf lato tkt oMpIoo ot o Aoptli of 12 oa la two npUoottnao 
vitliout gfowiag angr orop» A l l tlm ooaploo novo ^oa vttotod opto tlw 
ootor koUlBi oopaoitr with aiotlUoA votor oiroiy oooic tlnooglioat tlM 
oooroo of tlM oxporlaoato* MotlUod wotOF voo ato4 to avoid ong^  
ooataaiaatloa witli laporitioo* 
9M troatod ooaploo «oro poriodtooUr diaoa ^ o ootl ooaplor 
ot tatofvolo of f t f t toa doro aaA oObjootod to oaolroto for dtffotoat 
foMo of aiaftaooo sad tioa* 
oaooo aao ootlafttod aoeofdlaf to ^ookooa aotag laopor*o 
MOthod at Mdl f iod »r I I W I I M I OB« Sonor'* 
aS3 
JM»2|jnit£t 99% ortitepliMvhorto soiat a i t r io •eid« 30$ hyAmcMi ip«roiidl«, 
^etamifift p«ridiat» lyis iit«EiA«»ii AolaiiMu of mmgmmm* 
groeta«i»t A iO g a ir mri«d to t i •eopJl* ims ^ak»ii vltti 25 •& of 
mdl t t iUea witor ia • tltut^ for half tm boor on OB olootrio i^slcor* 
IHo ottop t^uitoiio nore f i l t t red tbrongli Miatatfiii f i l t o r i^par* SO • ! of 
•xtraot was tafeam in t l ^ iOO • ! Haakar mA AriaS an a tool i>iata« Hie 
tieolcar «aa eoolad at rwm taafaratura aaA 9 « l of BK€L» 8 « I of 30$ 
O^ Og vara atMad* Ifta oontimto iNira digaatad to ars^aaa oo a iiot plata 
to daatroir organio aattar* flMa 20 • ! of natar* 9 n3L ortho^boafitorio 
aoidf 8 ttl of mOm and 0*89 S at potoaaioa ^ar iodata fwra tMed is 
tlia Iwfikar anS alloaad to aool for 9 idinataa* Uta aoiutian vaa trana* 
farraa to a 90 s i volwMitrio flaaic and d i l^ad lafto tlia auii^ «ifl i 
diat i l lad natar* f ^ a^aoniaiiea waa raoorited at 9%0 na againat raagaat 
blaak ualag BaaaaH ao« t«rt» ai^etroBia 'SO*. A atandard ownra in tba 
rattga 0»i90 «g ia 90 a l af watar vaa aarliar pra|iarad vida ric«27t 
oarva 4« flia rasolta of vatar aoliiila aioiiganaaa for varieoa doaaa of 
aaaMgaa vitli daya art faaordad ia talila GXXXXX* 
taatai Maatral iW aaaoaioa aaatata aad otiiar«t fn» aWta* 
itaaadarat A 9 g of air driad aai l aaai^ la vaa uaad for tha axtraatiaa 
af aaaiaagadila lad watar aalaila aaag^Maa aaiag 29 a l of aaaaaiaa 
aaatata aa aatraataat* flM raat of Urn fvtaadara vaa aiailar to tliat 
iaaavfkad ia tba aaaa of aatar aalabla aaagaaaaa. flia raaalta aC 
885 
•s^tBf«aliI« t a g M i t f for TarioiM i o M * of MMMSOU vitli <l«]ps ar* 
• t i g m t i t 2!l tiyAro^iiiaoM •oloftioo of MMooioi a««i«t« tnd in * otb«r« 
«• ta irat«r tolitfiU. 
fvom^mmt A Q 8 a i r <lried soli canpla «a» oMd f ^ ^ o «xirftOti«ii of 
• e i i w MncanoMt oaiiig S5 •& of 29( tiyftroQaiaoM MlntiMi «f •—ontm 
•«•%•$• M» oxtraotaot. tba r»st of tlio prooadurtt W M aiiaitar to t ^ i 
^•aerllMi la the eaao of vater aolslilo aaaganeaa* Ttm raauXta of aet&va 
aangaaape for varloua doata of nmagoo wltli <laya am rtoordaa ia 
taDlo (33CWI# 
laCCBAMGRABIg iOtP AmUMUi tum 
trm. naa a»tiaata4 aa ^ar SajwoU^a* iaa^M»d* 
ncti^iicagAaiE mat 
Maagaatyit Hatitral IH awiawlaa aootatOf tH aanaaiaa aoatata <9R • ««8)p 
i<H( tijrtfrMariaalaa li]rdro^lort4a» t*5t( wtiio|to«aa»lkrollaa aalMliaa» 
a««ia raftlat IH ml aad ataniard aolalioBa of Iron* 
yrooaaaiat A 5 c oaaplo of tHa a i r dria4 aoii vaa takaa ^iik 85 • ! of 
II m^QftC ia a ooaiaal flaok aaa abakta for imlf aa kowr «a aa olootrioal 
ahaliar* tha aaapHMiaa naa f i Uara4 tbromii liiataiaa f i l t o r ptufr llo«%8« 
•8 • ! of tlM f i l t ra lo ma Hiaa ovapofatoA to Aiyaaoa ia a iOO a l baakar 
aa a kot f lata* Ika raaitfaa wtm tliaa diaaolvoi ia 5 a i of ataarogia 
2^k 
f l«» 5«9 Ml of in BCif mxm4 Ailvltd vitii « t t t t l ]«« mmUr moA 
tr«Btftrr»« to a 90 « l wtamAmrA fUdk* fli« ool««r ws 4«Y«lopM tif 
•Ming t Ml of iO# tiydrfx^rlMin* iQ^tfroetilonAty i s i of ortlio]iiioaa»» 
iHroltso oolstion tm$ dllnttug i t «o tbo warie witii AiotiUoA vstor. 
mo oelovr iatMioity mo Mootirod ^ Booseli and IMAI opooironie 'SO* 
at %90 am ^aiaot • foagoBt UlaBk* A standard enrfo for iron wao also 
yioiparod la tbe vmigo 0*100 og in 90 a t v i ^ Wig*^* o » i ^ S* 39io 
loovlto of osfliiaBiOfliilo iFon for varioiia domio of Baaagoa witti d^ro 
art fooordod la taMo CXXfll* 
A2 & mmpim of t o i l «aa oaod for tlio ostraotioB of oirailibXo 
ifoa oaiag aaaoaioa aootato (pB • ««8)* ^ o root of tHo oxporfaoBtal 
pfvoodoro «aa aliii lar to that of oxoiiaagoalila iroa doaoribod atevo* 
me raaalta of avaitiSila iron for vartooa doses of asnagoa witb days 
a n reoorded ia taMe OJUtVlZX* 
gfATf jTiCAt AiiAiar«i|p 
fko US.D* and trarimtee ratio for diffaiwit faraa of aaagaaese 
sad irea vert •aloalatedt as dsssrifeed ia i^ urt S of Cbaptor TX sad 
are rteorded in ttflles OHXX to aoaonr* 
2^5 
S|,f»9t0 « f MMMCOn 
COM la 









ott if«t«r voiiibl* wtmLmMw of t o l l vitll 
wuHmtifm la o^CMiiitrattoa «iid tla» 





























































WtUvt of awMgon oa Mti^«M»ttlil» mtmt»wf of • o i l wttfc 
•uriatioa to ecnewrtratttm ana t i— 
• 1 p e r f l i i n i M i n i n , . . , . . „n ' i i i iM , | | | i , i » 
** *^^^ t t5 30 %5 60 75 90 
0,0 e*80 U .60 U*Q2 t^M tO«50 ii«90 i0*80 i8«67 
0*1 8.i$ i9«a$ i7*9« i$.m i«,97 I3#ti 1 2 * ^ i«»io 
0,8 3,80 a0*i9 @3«30 a0*9« t8*79 i7*«6 iS«82 18,0% 
0,3 8.78 89,92 28,0% 29«t2 22,S0 a0,%6 18,88 21,38 
0,% 8,8% 81,«7 22,92 21,00 20,00 18,98 17,2% 18,97 
0,9 8,90 16,20 18,06 16*82 19,00 13*6% 12,83 1%«%9 
8,83 19*0% 21,08 19,07 17*19 19*79 1%«8% 
MMMNMMMwi ^v^t'mimmmitmmimmmmtv nmt immmmmmm 
287 
horn la 
• 1 9tr 
1% • o i l 
gfftot of wwagon on r>aiiotlii« nantaniwi ef aotl wttli 
0*0 61.3 56,% 59.6 56,0 59«9 5d,f 59*5 57«9 
0,t 61,7 55.5 55.0 5%.% 56.0 56.5 57.0 56.« 
0,2 6S,@ 55*0 %9,8 !K>.5 52,6 55,5 5«.0 55.5 
0.5 6i.« 47.7 45,6 46,7 47.6 49.6 5t.& 50.0 
0,4 61,7 50,2 48,5 48,9 49,4 5t.O 52.8 5i.7 
0,5 61,7 54.5 51,9 52,1 54,4 55,9 57,& 55,4 
kwwm* 61,5 58,8 50,8 51.4 55*0 54.& 55,1 
• o* 
fABIg CMXn 
Eff»et Of mmummk <m aotivc »aBgqii«»« of • o t i with 
vsi lat icB la efSMstttfattoB watt tia» 
I j l l l i Wt^Kl - >MlMiiM>il*/•<***-»- 'W^  MMNk«"*-«N««N 
stawfciiir—Tijilii'r ii'-ri«wiwiwwMi)iiiagwwwwwaiK.;i«»wrf»^^ tmi^iini .«*ifc»"v»—v- - -^-^ "* ^ ^r^^ « 
DoM is /^otiv* amagsites* la ppi at v»riottt day* Av»f«s« 
lig •Oil j^ i5 30 45 «0 75 90 
M>Mte»"gNIW*»»i-a1^t^BMm)«W»>* ^ «•>•"« ul|ijil|-Lmiii*liailMlll!WW«W*l'WWil^^ 
0.0 73.5 75«3 77*% 79.t 7*»3 73.5 73.3 7%.6 
0*i 73«6 %.h 78*8 76*5 75.0 73*6 73*3 75*3 
0.2 73»i 79.6 8t*% 78*6 76*9 75*9 75*0 77.@ 
0.5 73*3 6i*t 83*6 80.7 77*4 7S.9 7S.0 78.4 
0.4 73.7 77.9 79*9 77.5 7**9 74.5 74.0 ?5.0 
0.5 73.8 75.8 77.8 75*5 74.0 75*6 73*5 74.9 
Airvrig* 73.5 77*7 79*8 77.3 75.4 74.7 74.8 
M'*B!!i»i>"TW<ii.'-"'«lW»Wi>^'**'MiMW»>WW»Pi»i.i'*'*'i'mM* WWim i»i.iil|||»M>iiiir -^--.i-^MaBSlWWW'WIWI*'* H I^ji ''*i«wpn^iw<i • ' m m ' ammUm 
2S9 
fA»lg CMXVXl 
WSt90t of nwmgon on «x^aas«8b|« trqa of »otX mttk 
•artatiw In eoneeirtwittoa and ttaie 
" •auji\\»m»M\.M%iuiim lim 
WM*MgSI^WWMia!Mh]i»ai3a 
OoM ia Eitfliai^ eatlile iron in pps at viirlona dajra Ar9tag9 
^ •**** 1 15 30 %9 GO 75 90 
0*0 t t .9 1%»5 i5«6 i%.0 
0 , 1 12.0 t7*St t9«5 t7«t 
0,0 12*0 19*8 S2»l i9*0 
0*5 i l«9 21»9 S%*S St«6 
0«« t2 , l 1S,9 20*1 18.0 
0«5 tl*9 16*9 i9*t 15«t 




























EfSmst of jwagan qn iivatlal>le Iron of ao i l wJtli 
tmtmimimmimm mmimtmmmittmr'mmnmJUmmmmmHmmmmmmmmmmmKmMimimimmi\u'm immimmM'iiimmmti-'mii^mimtmmmmmmmmmmmiHmmmlt 
wrimttmt in oooeontniiMi ana tlMO 
Dose in 
• I p«r 
lEg s o i l 
Availalilo iron la i»pi «t vafloat tf«yii 
•NtaaTtJUM*'.IIiwi^mwL• 1 - M T ' - II 11 iij | i miiiiii IIIIMIIHW ->- •** "^mmmi"• *^ *-mmmmmmmm'^-'^m)m 































































f ABU CXXZX 
S*S« for di«3rs 
8«s« for Aftwu 
8«9« for orror 
%2 «2 
i367,59 - 1229,57 
1520.89 • iS29«97 
1267«3% - 1229.37 








0»r» S«S* H*8* VS r •aitiet 
5$ 
mm to day* 6 
Dot to Aoaoa 5 
Boa to airor 30 
91•%6 15*2% 52*01 2*%2 
37.97 7.60 25.98 2.53 
8.79 0.29 
iwwi>»i>»iiwMr*mtfaiiiBii uiwtm > wwi )^ f^ •^)»t'a^ ^^  i^mmmtem-mm 
3.*7 
3*70 
L.8.D. for daora mj S..,yf,12 • o.313 
t.8.i>. for 6oaaa • A / ^ *^ < *^^ y • 0.3%ft 
m2 
tM»m exxx 
t t i t t t t t iwH tfiilyili ot v^t^rUaam at tim 
S*!^ * tor dayi 
S»B« for 4oM« 





12560.19 • i i«$3«^ 
i2072«i9 « li%92.32 
ti8%8.S0 • ii492«32 





• 151 t^s 
Sooreo of D«F< 
varletlon 
H«B • n» f?.S* im F iraltw* 
1< 
wWidSHiM-**. * " * * ' J6j»A ft^a^E?. A^*»«'«i i* ' * - -*- •M.*-Iiaiilj»ft-«M -- WW.W-X-w «k t«»-« V. 
Onto to doyo 6 
fitw to 4oo«« 5 
Dwt to otror 50 
579*87 96.65 tiZ*OB 2«42 




L.S.D* for dor* "J ^ ^' i'f^' 1.21 
t .8.D. for Aoooo • y r i J L | i 2 § • 1.32 
891 
fjmm CMxxt 
t^ttt t tcal aaalyig of •<rt«a— ef thm mAvmlhlm •amsanty^ 
8«S« f o r asgr* 
S«H« f o r dOMO 




i055%8*81 • 123i%9«0i 






mm»mmHmmmmiimmmmmmmmmipvimimmmmitmmii- wmMi i — « • > « • < • « | i uniw • M N I IIIIWIM|.HHIII» iiiiiiniiiiirniin'iiiin MI i 
8oiirO0 of D.F* 8«S* if.S* TR 
voflation 
r •a laoo 
" • I" 
NukM.**- <im a^iWKiiMwin>w,i<i> um^mtMmm 
Pm to dfQro 
Boo t o 4O00S 
9m to onror 30 
502*i% 83.69 7%.08 2AZ 
399.80 79.96 70.76 2.33 
33*i6 t . i 3 
3.%7 
3.70 
t*i«o« for d«r« i 0.616 




{|«s» for <l«sro 
B«s* for doooo 
S*f3» for oiTor 
8 iOCiQ006«C)0 
S%5277*87 • 2%3095»58 
2%3173#97 « 2%3095«3a 




8 i » | S 
I ' ' •'' ""I 
8*F» 8«Si 
"t '" ' " '-. "I"' " "" 




m'jmLum*»i^»m tmrnrnmimmmii^mta* *aa 
mm to a«f» 6 
imo to «oooo 9 
turn to orror 30 
18S.49 30«89 i l , i 6 2«%8 3*47 
78.59 i5*7a 5 .« ) 2 .53 3.70 
61.71 2*72 
WMWwwwwiiiiiawiimi •nwiniuwt'nw* rtwwpi mifKim mnmmm-'^'^i^'iMmw .mmmmi 'M^« •mfMmtmim»mi»,im 
US«D* for d«y« 8 « 2.78 





t»>ti8tlo«i iaalyaig #f vrtaaeg of ^ »3ieliaMg#aM» tym 
^•S* for Aiijra 
s»s* Cor doooo 
8*S* tor oYrbr 
mbm ¥ l i t 
itS05*75 • iii3a«t2 
%%0*08 « (3%%»3% • 167*6t) 







< Mi—niliimi • lilt' r • ! w i i i i i M — — » 
But to dVf 6 
Pm to 4oMO 9 
Oat to orror 50 
8%l,5% 40.79 %5*«8 8,%8 JA7 
Ul»6t 99*98 99*7% 8.99 9*70 
8a«t9 0*9% 
US»». for tfasw • / i.»?^ ' »^tigi • 0*999 





S«S« for d«3r» 
8»S* for dose* 







f2829«7i • 9i788«$i 
98599*59 - 91788.58 
91955.7t - 917a2.5« 











Soitroe ot~ D.r. S.S. M.S. Vn F ^ mlmm 
5% H 
Out to dojro $ 
0«0 t o dOMO 9 
INw to onror JH 
850.77 158.48 89*98 8.%8 5.47 
850.t« 46.05 29.89 2.55 5.70 
48.50 t.94 
US.O. for 8i|r» 8 « t .54 0 .7t7 
I i .8 .0 . for 80000 8 It t .54 0.7M 
897 
fABIf i COODCV 
f^m itet«r BidtiolM* t^cb^ngfi*- Availalil« F« 
W—IMltWIIIKiilMiWM. iiif,T\lliW.»i|wi'3IIW|WWt«wiiaj8tt!»«IWWBI<»naJ^^ 
exoltaiig«a1>U Mi^ ^ 0*975 •0*979 0*9%2 0*980 
imtar tolidila Kn^ ^ • •0*967 0*969 0*9%6 
B«diiei%U Mn^ ^ • • •0*988 «0»^9 
mnkmmmtHtU fj^* . . . 0*8%8 
( O.Omt nemagonf K^skoit 
4 0 / " 
• 0 3 ••• 
» 0 C •• ' " 




FigTiZ-E heel of nemii-j J«I ufiwruler soluble Mn *mh 











0 2 0 ^ 
a 
J£ 1 9 • 
X O.Omi rvemogon/Kg t o i l 
o 0.1 »» »' w « 
A 0.2 '• " '• " 
e 0.3 " » " " 
0 O.A " •' •• •> 
A 0 & " •• » M 
Fig'S3-Eff»ctcJf ntrtmgon o n # x c h a n g t o b l t Mn wi th 
voriQtton In (1 cehtrat ion a n d i im» 
-Fig.3'cef»ect of nemogonon reduclbteMn wi th 
variation in concentration and time 
<,5 
Days 
Flg.35effecl of nemogon in active Mn with 
variation in concentrotion and time 
MiaatrilMaM ammmtm 
I 0.0ml ntmogon/Kg toU 
O 0, t II II n w 
A 0 , 2 n » t V 
• 0,3 " »f ' II •* 
• O.A •» i i <• •» 
A 0,5 >• •• n <> 
45 60 75 
Days 
Fig*<-Elfectof rvtmoQon on avoitobtoFe 
with concentrotion and time 
100 
15 30 
a 0.0 mi ntmOQon/KQ soil 
60 75 45 
Ooys 





msmsB Mm PISCPBSICK 
atsnits OB tbrn •fftots of ii«aagi» on tii» Mb ana W9 •tatus of 
a aaUna aoAio aoil pmridad intavaatlBg and ecmalatent fftmmrw&tgemst 
9lia data oo tiio irattr aoliiblet axtiiangaablot lodooibla and aot&vo m 
in pioaenoo of tbe peatiotde reforrad to etbtyvc^ vitD diffarent doaaa 
at vnriona iatarvala of tli^a ai« proaentod fn tabJUia OXKXXI to cmUfX 
(riga*32 to 55) and t&at for axctifiagaatilo and available We vido 
tablaa CSSm and dPCVin (nca*36 end 57) • ibaoll datuis In tbe tabla 
mpmmntm a »ean of oarafaliy raooi^ ted doptioato vainaa* 
flia pbyaleoMSbeiBioai diiaiaotariatioa of tbe aoii rovaalad tbat 
i t wa» ealina and tiad © diatinotX:^ oUcciise ivaotion* ^to alionld 
faTom* CQcldation tranafoiaatifltta in in anti Fa iKsrataira* Zn tha atndiaa 
nportad hem tlia ffl ahowad a aliglit naiwaignifioant daeraaae (8*8 to 
S,5) dtoring tttttagon tvaat»ant* Mo ai^ifioiait dtongoa In eXaotrioal 
ooBdnatiYity took plaoa* 
An aacaMlMtiaa af data vido taDla CSXIZIt rig*32 aiiowad tliat aa 
aoipoMd to tbe eantrolt natar aoltiila Mi Inonaead aignifioantlyt 
laaakad a «axl«i«i valoa witu 0«3 • ! of aaaagaA at 90 dart AB0 tban 
daalinad* At tbia doaa and intarval of tliM i t iaeraaaad froM 9*6 ppi 
to 10 pfa aafl than daoUnad to 9*9 vfm at 90 daya* fha influaaaa 
foUawad tiM doaa ordar 0.9 > 0«% > 0.8 > 0*9 > O.i > 0.0 «1 aamigaM 
for kg of toll* 
AlMOOt aiaiilar tianda bat witb variabla tntimaitsr vara 
i^ «arf<a« m «lo mum ^ 9mtlbmigmt»lm ma aatlra Mi (tablaa o m ? and 
299 
CXXn^ ris«»53 wA 39)* Vttli 0*3 • ! AoM of awMton tbe lBQf«M« in 
•xeiiftiiita%l« Ml «• • 88*0 vsm f ro i 8*8 ppa| ana In aetlv* Iti fi^ o« 
73«3 to 83*6 ppm at an Intarval of 30 dajra* fiia Ssfloanoa of 4oso 
was in tbe ovftar of 0*3 > 0*d ^ 0«% > 0»t > 0*3 > Q*0 • ! aasagc 
par kg of aoii in liotb tlia oaaaa* 
flia m%ftoesaiim& Ixy «iliio!i an increase in avai lsMiity of %mter 
aoln I^Off availat>Ia ac^ aetiva Mn oeotirraa in foaigatad ana tmanendaa 
aoil liavo baen irarioiial|r rtportaS hy nor'mnr^ rbe vers^ fact tliat 
a U tbe tbraa foma of m aiamltanaonely inoreaaad ana tiian deolinaS 
atioaad an affaot of liotb bioiogieal ana otianioal faetora on tita !la 
atatna of Urn soil fudar atta^» Migaiti oolla tiava bees fotaia to 
a 
oontain liara noauiar ooiujratianf of maa^anlfarooa aaposite* m tha 
aoii waa wattad in praaeao@ of tiia fmiganti tba aaltaiioea effaota of 
aaeiM^oataay aotincagrootea ana rainfeataa ftmgiia fiorat Aapergiilof 
ttigar* tile Sbiadbiwa, tliia»aoitioa ttiio<«iaani> ato«t laanltaa in a 
otiansa of oxidation rmdootioa potantiat of tlia aoii wfn^imrt in tlta 
rtiaaaa of eaUioxrtio aeida^y and in aoidfeiiiaiag affaeta. 1%aaa 
faat aooloftioal afeangaa brom^t abool a gfadaai inoraaaa in watar 
aoltfbXa ana avaliabia m ^ in tba aai l * 1!f— wimm vara in aoaoranaaa 
vitl i tlia wailc of vnnalay^^t and Martin at a l**^* mio raportad inaraaaad 
and ki i^ly atinnlatad bioiacieai aatiiritr ia tba aoil aa a raaalt of 
faaigatianf witb tba woilr of MJkammir aba aotiaad tbat lewar doaaa of 
aartain ararliaaat typa abaniaala pradoaad graatar raiavaaian patantiala 
In aoilat tmA witb tba laaalta of laiitb' «bo fooad an ineraaaa in 
untar aolniiU and avaiiabia Ibi'^ an fviigatian* Vitb tba tonia afloat 
df bigbar doaaa af tba abaaiaal an tba aai l niaraoiianianat tba 
3*« 
•tl«alttt«4 •f f«et d«eIiB«d af isr • o«rt«itt ptrioflf imdl tlie •4|oillbriai 
Hi* aeolintflg «tf«et on init«r toldOla and ai^aacaabla fit witli 
fiaaaaga of time muit lioifavar» dtw to rapifl ttttifaatton of tim o i imio 
ohoiioal »M as enargy aouroat and a rtilft Is aQutlibrioi l)at«a«ti 
availaMe mid radooiliia foimt of Mb oautad l»y ra<^atablialisieiit of 
j^atiolda senaStiva 9fti oxidlaln i^^  liaotarla auob aa Saatliaf^ atrapto* 
i^oateat Aarobaotar «te« ftia vlatr ma» in aectirdanea ^ttSi. tte 
oDtarvatlona of Oberlaa and Pael^'* 
Ilia abova aliiarvatloaa fomd an^port froa tbe data aa tHa 
eofralattv'iB eoefftetciita (tabla omOf)* fbiaa irtilla aieo&aiiiaabla Iti vaa 
{Kiaitivulr oorralated to watar aoliHila foi« ( r • O*075)f tliava w%a a 
nagati^ va aorralatloo tittvaea axaiiaiigaailila and ladooilila Hi ( r • -0«979)« 
9lia vaaalta an tba axi^angaable and available Pa provided an 
iataiaatiog eonralatioa Iwtiitaa Pi and Ma atataa of ttia aai l* fboa 
M la tlia aaaa of lii» axabaiigaabla and availalila We (riga»36 and 37t 
tabi«a CXXftl and CSOCfin) aiipifiaaatly iaeiaaMdt gaaebad a lUxlaiiB 
•alaa witb 0*9 a l daaa of aawagcB at 30 digra af i ta an^Iiaatiaa aad tbaa 
aigaifiaaatly daaUaad* fiia affaet af doaa aa tlia laoiaaaa tiaa in 
tiM ar«»r 0*5 y 0«S } 0*% y 0*1 > 0*5 y 0*0 •& aaaatfiB per kg aai l ta 
aaaa af axoiiaacaaUa r»» Mid 0*3 > 0*% > 0*2 > 0*3 > 0»t > 0*0 la aaaa 
af avatlabla W9» flia aaxiaaB laataaaa vaa 2%«2 ffv froM i i#9 i^ pi ia 
aaaa af asaiiaagaiibla fit (tabla CSXfll) and 37*3 trm 39*4 pm la e— af 
•vaiiiibia f« (ttfbia oanrxii)* 
10% 
AM «s«ULMti«i of ttM oonwlstioo oo»fftoi«iits Titft t ^ U CSOPC? 
fnrmtr abomid ibid tti«r9 •xltted tliiiiifteaat pe«itiT« ttomIati«mi 
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raa^ottiraljr), 
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affooting re em& Hn avQilobiUty i& aoita were alaoat ati3llar« a Tten 
In aooerdanoe mitb tbc veaaUa of mith'w ^ a re^ttotblo diaraotar of 
Ofgante setter In aoll md I t a Hiorobiel aeooB]ioaltl<m ^Itb libamtloB 
of aoldOt ^ e 0mp In oxld8tlaii»ie(liiotl<Hi protantlal to au>lat oooai* 
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tfaolinedi and vltb re baoteria' taking overt botb tbe foisa of Fe 
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vert In e f r e i t n t vltb tbe obaeivatleMi of rrlniabela^'*^^ and 
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909 199, 1979* 
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STUDIES ON THE THERMODYNAMICS OF 
EXCHANGE IN CLAYS—III 
NICKEL EXCHANGE ON Na-, Ca- AND Mg-MONTMORILLONITES 
J P SINGHAL, SAMIULLAH KHAN and 0 P BANSAL 
Chemical Laboratories, Faculty of Engineering and Technology, Aligarh Muslim University, Aligarh, India 
{Received I March 1976) 
Abstract—Exchange equilibria involving Ni ions on Na , Ca- and Mg-montmorillonites were studied with the help of 
the thermodynamic models of earlier workers The exchange isotherms and free energy changes were indicative of a 
lower preference of Ni for the base saturated montmonllonites The exchange was in accordance with the 
Hofmeister series Enthalpy changes indicated a stronger binding of Ni on Ca and Mg montmonllonites than on 
Na clay Entropy findings were indicative of a dehydrated and disordered arrangement of Ni ions during their 
adsorption on Na-montmonllonite The effect of dehydration on the entropy was the reverse m the case of Ca and 
Mg montmonllonites The diversity of the exchange equilibria involving Ni, Na, Ca and Mg ions on the 
montmorillonite surface was further confirmed from our observations on the activity coefficients and the values of 
AG„', ^H ' and AS„" 
INTRODUCTION 
Ion exchange is of great practical and theoretical 
importance and has been studied ever since this 
phenomenon was recognised as such Clay minerals are a 
complex series of alumino-sihcates which form the most 
reactive fraction of the soil They serve as ion exchangers 
in soils and there is an important relationship between ion 
exchange and plant nutrition as well as between ion 
exchange and the physical and chemical properties of 
soils Most of the early theories on ion exchange equilibria 
in soils were empirical It is only during the last decade 
that this subject has received a rigorous treatment and 
that a thermodynamic treatment has been introduced in 
clay chemistry 
Nickel serves as an important trace element in plant 
nutrition and its formulations are also used as pesticides 
It can undergo ion exchange with clays The fate of this 
element in plants and soils, m relation to exposure of man, 
is of interest In the studies reported here the interactions 
of nickel chloride with Na-, Ca- and Mg-montmoriUonites 
have been studied with the help of thermodynamic 
functions The bases of the treatment are the ther-
modynamic models of earlier workers [1-4] 
EXPERIMENTAL 
An Indian bentonite from Akh (Rajasthan) which was 1 mnd to 
consist mainly of montmorillonite was used for the exchange 
expenments It was dispersed, centnfuged and converted into 
Na-montmonllonite by the method of Aldnch and Buchanan [5] 
The Ca- and Mg-saturated suspensions were prepared by the 
ion-exchange technique and washed until free from chlonde The 
concentration of the suspension used in all three cases was 
adjusted to 1 Og per 100ml Determination[6] of the cation 
exchange capacity (CEC) of the clay yielded a value of 72 0 meq 
per 100 g clay The pH of the suspensions was adjusted to 4 0 with 
dil HNOj to prevent the possibility of hydroxide precipitation and 
to provide a buffenng action 
The exchange was carried out by taking 10 ml samples of Na , 
Ca- and Mg montmonllonite suspensions in a large number of 
glass stoppered tubes, adding vanous concentrations of 0 03 N 
nickel chloride and adjusting the mixture to 25 ml with distilled 
water The tubes were shaken for 6 hr at 30± 0 TC in the first set 
of expenments and at 60±0 1°C in the second set, in a 
thermostatic water bath to attain equilibnum The mixtures were 
then centnfuged and the cations in the supernatant liquids 
estimated Na was determined flame photometncally, Ca by 
EDTA titration with murexide as indicator, Mg with enochrome 
black T as indicator in presence of 2% NaCN, and Ni with 
Cu-PAN[7] as indicator Corresponding concentrations of Na, Ca 
and Mg were obtained by difference (CEC concentration of the 
cation in the supernatant liquid) and for Ni from Ni added minus 
the cation in the supernatant liquid 
RESULTS AND DISCUSSION 
The exchange equilibria between the various base 
saturated montmonllonites and nickel can be described by 
the equation 
Cy-I-CN ±CN,-I -C, (1) 
where y = Na*, Ca^* or Mg'*, the barred quantities refer 
to the equivalent concentrations of the ion concerned in 
the clay phase and the unbarred quantities to the 
concentrations m the solution The equivalent ionic 
fractions of Ni, Na, Ca and Mg in the montmorillonite 
phase and in solution were calculated from the expres-
sions 
- ^ , XN, = — , X , = ^ ' and X , = - ' (2) 
where C and C are the total electrolyte concentrations in 
the clay and solution phases respectively The values 
obtained both at 30 and 60°C were plotted and gave 
exchange isotherms vide Fig 1, curves 1-6 All the curves 
deviated from the diagonal indicating diverse preferences 
of the ions for the clay surface Thus, as compared to Ni, 
Na was preferred throughout at both temperatures by 
montmorillonite, Ca showed a selectivity reversal both at 
30 and 60°C while Mg showed a selectivity reversal at 
30°C only Further the affinity of Ni for Na-
montmorillonite increased with a rise in temperature 
while that for Ca-montmorillonite decreased The effect in 
the case of Mg-clay varied according to the concentration 
of the Ni ion From these considerations it was inferred 
that the preference of the ions generally varied in the 
order Na > Mg > Ca > Ni at the equivalent ionic fraction 
of nickel above 0 70 in solution 
Taking the ratio of the activity coefficients as unity [8] m 
the dilute range of concentration studied, the selectivity 
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Equivalent ionic fractions of nickel in solution, X^,, 
Fig. 1. Exchange isotherms and separation factor for nickel ion on 
Na-, Ca-, Mg-montmorillonites at different temperatures. 10, 
Na-Ni 30°C; 20, Na-Ni 60°C; 3A, Ca-Ni 30°C; 4A, Ca-Ni 60°C; 
59, Mg-Ni aO-C; 63, Mg-Ni 60°C. 
coefficients at various values of XNI were calculated from 
the relationships [9] 




where y = Ca or Mg. 
(3) 
(4) 
The values of Kc obtained and their variation with 
temperature and XNI are shown in Fig. 2, curves 1-6. 
For an examination of the equilibrium, the ther-
modynamic equilibrium constant (1) K was calculated by 
the equation 
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Equivalent ionic fraction of nickel nnontmorillonite, X^, 
Fig. 2, Nickel selectivity on Na-, Ca-, Mg-montmorillonites at 
different temperatures. 10, Na-Ni 30°C; 20, Na-Ni 60°C; 3A, 
Ca-Ni 30°C; 4 A, Ca-Ni 60°C; 53, Mg-Ni 30°C; 63, Mg-Ni eO'C. 
ions. The values of K were calculated by evaluating the 
integrals from the areas under the curves using the 
trapezoidal rule [10]. At both temperatures the values of K 
(Table 1) followed the order Ca>Mg>Na for the Ni 
exchange, i.e. the affinity of Ni was highest for 
Ca-montmorillonite followed by Mg- and then Na-
montmorillonite. Both Ca- and Mg-montmorillonites 
exhibited a highet; affinity for Ni at low temperatures. The 
affinity of Ni for Na-montmorillonite on the other hand 
increased with a rise in temperature. 
The Gibbs free energy changes for the interactions 
were calculated from the equation 
AG° = -RTlnK. (6) 
(5) The values are given in Table 1. During all the exchanges AG° was positive and followed the order Na > Mg > Ca. 
The values increased with a rise in temperature during the 
where ZA and ZB were the valencies of the competing exchange of Ni on Ca- and Mg-montmorillonites and 
Table 1. Thermodynamic values for nickel exchange on sodium^ calcium and magnesium montmorillonites at 30° and 
60°C 
, , 1^  
TheriBodynamlc Na-Nl eysteni Ca-Nl system Mg-Nl gystea 
paraneters ' \ ' J ' ^ ' ; ' ; ' ;; 
30 C 60 C 30 C 60 C 30 C 60 C 
K 0.1140 0.2157 0.7842 0.6366 0.61'i3 0.5804 
A G° cal/mole +1309.65 +1016.67 +147.02 +300.49 +295.08 +362.16 
A H ° cal/nole +4268.02 -1404.84 -382.26 
A s ° oal/aole +9.76 -5.14 -2.23 
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decreased in the case of Na-montmorillonite. At both 
temperatures the exchanges were therefore non-
spontaneous with a lower preference for Ni. The 
preference for Ni varied in the order Ca>Mg>Na. 
Alternatively it can be said that the base exchange on 
montmorillonite followed the order Na > Mg > Ca > Ni, a 
result which is in accordance with the Hofmeister series. 
The standard enthalpy changes AH° were calculated 
from the van't Hoff isochore 
The exchanges were also affected by entropy effects. 
The standard entropy change was calculated from the 
equation 
AG° = AH°-TAS°. (8) 
In ^T,^-AH° / I n 
KT, R \T2 T , / ' 
(7) 
The results are recorded in Table 1. The exchanges 
were temperature dependent, the reactions being exother-
mic during the Ni exchange on Ca- and Mg-
montmorillonite and endothermic during its exchange on 
Na-montmorillonite. Thus Ni is more strongly bound on 
montmorillonite than Ca or Mg and less strongly bound 
than Na. Further the strength of binding of Ni on Ca-clay 
is greater than on Mg-clay, i.e. the stability of clay during 
its interaction with NiCh varies in the order Na 
mont. > Mg mont. > Ca mont. 
The values are given in Table 1. The greater disorder in 
the Na-Ni system, indicated by the positive entropy 
change, appears to arise from a process of dehydration of 
the hydration shell around the Ni ions caused by the Na 
ions and an extended diffuse distribution of ions in the 
electrical double layer. On the other hand the small 
negative entropy changes during Ni exchange on Ca- and 
Mg-montmorillonites results from the binding of Ni to 
fixed, specific sites on the montmorillonite surface. The 
hydration shell around the Ni ions remains intact, 
contributing to a greater order in the final state of 
exchange. 
The surface phase activity coefficients of the ions 
concerned were calculated from the following 
expressions [10] 
ln/N, = (XN,-l)lnKc- InKcdXN (9) 
Table 2. The surface phase activity coefficients, excess free energies, enthalpies and entropies of mixing for different 









































































































































- 6 . 8 
-7 .4 
-7 .9 
- 8 . 7 
- 7 . 2 
-5 .5 
- 4 . 6 
- 3 . 2 
-12 .9 
-10 .1 
- 6 . 3 
-7 .1 
- 8 . 7 
- 8 . 9 
- 9 . 8 
- 8 . 0 
- 6 . 6 
- 4 . 5 
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Table 3 The surface phase activity coefficients, excess free energies, enthalpies and entropies of mixing for different 
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1 . 8 
3 . 1 
5.7 
5 . 0 
5 .2 
7 . 0 
7.5 
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- 1 . 3 
- 0 . 7 
2 . 2 
2 . 8 
4 . 8 
8 . 4 
7 . 0 
7 . 6 
8 . 6 
9.5 
10.4 
Table 4 The surface phase activity coefficients, excess tree energies, enthalpies and entropies of mixing for different 
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- 1 . 4 
- 1 . 6 
- 3 . 8 
- 4 . 1 
-4 ,1 
-0 ,7 
0 . 5 
1 . 4 
2 . 7 
3 . 2 
and 
In /, = XN, In Kc - I In Kc AXN (10) 
where y = Na, Ca or Mg. The values obtained are given in 
Tables 2-4. A variation in the values of the surface phase 
activity coefficients for the different ions with increasing 
values of XNI and at different temperatures is represented 
in Fig. 3, curves 1-12. The difference in the behaviour of 
Na, Ca and Mg ions in relation of Ni ions on 
montmorillonite surface is thus amply borne out by the 
nature of the curves. Further, while the activity coeffi-
cients for the Na ion varied in the neighbourhood of unity, 
those for the Ca, Mg and Ni ions showed large variations 
with abnormally high values. Such high values for surface 
phase activity coefficients in the solid state have also been 
reported elsewhere[ll, 12] and are indicative of a very 
0 8 0 9 (0 
For curves 1-8 
Equipfnent Ionic fraction of nickel In montmonllonite, XN, 
Fig. 3. Variations in the activity coefficients of Na-, Ca-, Mg- and 
Ni-ions on Na-, Ca-, Mg-montmorillonites at different temperatures. 
O, /N. 30°C; 20, /N. eO-C; 3», /N, 30°C; 4«, /N, eCC; 5A, /c. 30°C; 
6A, /c. 60°C; 7A, /N, 30°C; 8A, /„, 60°C; 99, /«. 30^; 10», /„ . 
60»C,llx,/^,30T;12x,/;„,60°C. 
heterogeneous non-ideal distribution of the exchangeable 
cations on the montmorillonite surface[13]. From the 
values it appears that while the Na ions are more or less 
strongly attracted by the montmorillonite surface, such is 
not the case with the other interacting ions. 
To study the deviation of these heterogeneous systems 
from ideality the excess thermodynamic functions for the 
interactions were calculated from the eqns (14) 
G™' = RT(XN,ln/N,-HX, In/,) (11) 
H. ' = - R T ^ ( x . , ^ - f X , ^ ' ) (12) 
and 
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Equivalent ionic fraction of nickel in montmorillonite, X^, 
Fig. 4. Excess-free energy of mixing for nickel ions on Na-, Ca-, 
Mg-montmorillonites at different temperatures. 10, G,„' Na at 
30°C; 20, G„' Na at 60°C; 3A, G„,- Ca at 30°C; 4A, G„,' Mg at 
30''C;63,G,„'Mgat60°C. 
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The values obtained are given in Tables 2-4. From these 
results it appears that the heterogeneous mixture of the 
ions during all the exchanges is less stable as compared to 
the pure forms and that the stability decreases as the 
concentration of Ni increased except in the case of Na-Ni 
exchange where the behaviour fluctuates. Thus, during 
the exchanges, a departure from ideality produces a less 
stable mixture of ions on the montmorillonite surface. 
The enthalpies and entropies of mixing were found to 
be negative during the Na-Ni exchange. These results are 
indicative of the fact that the mixture of Na-Ni ions is 
more strongly bound to the clay surface, and its 
distribution more ordered on the heteroionic exchanger, 
as compared to the pure forms. A reverse effect occurs 
during the Ca-Ni exchange. The AH„' and AS„' values for 
the Mg-Ni exchange pass from negative to positive values 
as the concentration of the nickel ion increases. The excess 
thermodynamic functions thus again confirm the differ-
ence in the exchange equilibria occurring between Na, Ca, 
Mg and Ni on the montmorillonite surface. 
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Influence of Pesticides on the Trace Element Status of Soils : 
Part II. Effect of Nemagon on the Manganese and 
Iron Status of a Saline Soil 
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The effects of different doses of nemagon (l,2-dibromo-3 chloropropane) on the Mn and Fe 
status of a saline sodic soil over a period of 90 days were examined and the variance ratio, L.S.D. 
and correlation coeflScients calculated. The results revealed that 0.3 ml of the pesticide per kg. 
of soil at an interval of 30 days produced a most favourable significant response on water soluble, 
exchangeable and active Mn as well as on available and exchangeable Fe. All these constituents 
were positively correlated to each other. However, a negative correlation was observed between 
active and reducible Ma. The effect of the chemical started declining after a period of 4 weeks. 
The responses have been explained on the basis of chemical and microbiological activity in the soil. 
THE importance of pesticides in controlling plant diseases for high agricultural production have been 
greatly realise in recent years. In this connection 
their side effects on the nutrient status^'* and the 
microbiological* make up of the soil have attracted 
considerable attention. However, there is some dearth 
of information in these fields. 
Mn^ * exists in soil as water soluble and as 
exchangeable and hence in this state is available to 
plants. Mn*+ exists as unavailable but is reducible to 
available form. This element along with Fe assists in 
formation of chlorophyll and controls many complicated 
systems of oxidation reduction in plants and soils. Iron 
is an essential nutrient for plants. It exists as Fe^+ 
and Fe^ . Its availability is governed by oxidation 
reduction potential of the soil. Along with other 
variables, microorganisms are specifically involved in Fe 
transformations. 
1, 2-dibromo-3-chloropropane, commonly known as 
nemagon is widely used to control nematode and fungus 
diseases in soils. In view of the great importance of 
the trace elements in plant metaboHsm and the increa-
sing use of pesticides for high yields of crops it was 
considered that an examination of the effects of 
halogenated pesticides, particularly nemagon, on the Fe 
and Mn transformations in a saline sodic soil will be 
useful. 
Experimental 
The soil used in this study (Depth, O-30 cm) was 
collected from Central lowlands, type III, Aligarh 
Muslim University area, of Aligarh district. It was 
dried, crushed and seived. The general physico-chemical 
properties of the soil determined and were: 
/»H= 8.85, E.C.=4.5X10~^ mhos cm"'^. organic matter 
— 0.41%, water soluble Mn^S.Z ppm, exchangeable 
Mn = 8.8 ppm. reducible Mn=73.3 ppm, exchangeable 
Fe=ll-9 ppm and available Fe=38.5 ppm. 
The experiments were done in earthenware pots of 
20x20 cm size. They were cleaned and fitted with 
polythene sheets on the wall of the pots towards the 
inner side to prevent adsorption of water. One 
kilogram soil was then filled in each of the twelve 
pots. The samples were then treated upto the water 
holding capacity with distilled water. Six doses of 
nemagon (0.0, 0.1, 0.2, 0.3, 0.4, 0.5 ml) were then 
injected into the samples at a depth of 12 cm in two 
replications without growing any crop. All the samples 
were then watered upto the water holding capacity 
with distilled water every week throughout the course 
of the experiments. Distilled water was used to avoid 
any contamination with impurities. 
The treated samples were periodically drawn by a 
soil sampler at intervals of fifteen days and subjected to 
analysis as follows : The pW of the samples was 
measured in 1 : 5 soil water suspension with a pVL meter 
with glass and calomel saturated electrode assembly. 
Electrical conductivity was measured with Philips con-
ductivity meter, with dip type cell at 25° 4^1° in the 
1 : 5 soil water suspension. Organic matter was 
estimated by Walkley and Black's* method using 
potassium dichromate, sulfuric acid and ferrous 
ammonium sulphate as reagents. 
Water soluble, exchangeable and reducible Mn were 
estimated colorimetrically according to Jackson* using 
Leeper's method as modified by Sherman and Harmer^ 
with normal ammonium acetate (/>H 7) as extractant 
and 85% orthophosphoric acid and potassium periodatc 
as colour reagents. For reducible Mn, 2% hydro-
quinone solution of normal ammonium acetate was 
used as extractant. The absorbance was recorded with 
the help of Bausch and Lomb spectronic 20 at 525 nm. 
Exchangeable and available Fe were determined 
colorimetrically by Saywell's'' method using normal 
ammonium acetate (pH 7) and normal ammonium 
acetate (pH 4.8) as extractants respectively ; and 
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hydroxylamine hydrochloride and orthoplienanthroline 
as colour reagents. Absorbance was recorded with the 
help of Bausch and Lomb spectronic 20 at 490 nm. 
Blanks were used in all cases. 
The data were subjected to statistical analysis of 
variance according to the two way classification with one 
observation per cell, the null hypothesis being the 
equality of the effects of different doses and different 
time intervals. Correlation coefficients were also calcu-
lated. 
Results and Discassion 
Results on the effects of nemagon on the Mn and 
Fe status of a saline sodic soil provided interesting and 
consistent observations. The data on the water soluble, 
exchangeable, reducible and active Mn in presence of the 
pesticide referred to above, with different doses at 
various intervals of time are presented in Tables 1-4 and 
that for exchangeable and available Fe vide Tables 5 
and 6. Each datum in the Table represents a mean of 
carefully recorded duplicate values. 
The physico-chemical characteristics of the soil 
revealed that it was saline and had a distinctly alkaline 
reaction. This should favour oxidation transformations 
in Mn and Fe systems. In the studies reported here the 
/>H showed a slight non-significant decrease (8.8 to 8.5) 
during nemagon treatment. No significant changes in 
electrical conductivity took place. 
An examination of data in Table 1, showed that as 
compared to the control, water soluble Mn increased 
significantly, reached a maximum value with 0.3 ml of 
nemagon at 30 days and then declined. At this dose 
and interval of time it increased from 5.6 ppm to 
10 ppm and then declined to 5.9 ppm at 90 days. The 
influence followed the dose order 0.3>0.4>0.2/'0.5 
>0.1>0.0 ml nemagon per kg of soil. 
Almost similar trends but with variable intensity were 
observed in the case of exchangeable and active Mn 
( Table 2 and 4 ). With 0.3 ml dose of nemagon the 
increase in exchangeable Mn was 28.0 ppm from 
8.8 ppm ; and in active Mn from 73.3 to 83.6 ppm 
at an interval of 30 days. The influence of dose was 
in the order 0.3>0.2>0.4>0.1>0.5>0.0 ml nemagon 
per kg of soil in both the cases. 
TABLE 
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Variance ratio and L. S. D. for doses= 25.98, 0.342 
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TABLE 3—EFFECT OF NEMAGON ON REDUCIBLE MANGANESE OF SOIL WITH VARIATION IN CONCENTRATION AND TIME 
Dose in ml 









































Variance ratio and L.S.D. for doses =70.76, 0.672 
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TABLE 4—EFFECT OF NEMAGON ON ACTIVE MANGANESE OF SOIL WITH VARIATION IN CONCENTRATION AND TIME 
Dose in ml 

























Variance ratio and L. S. D. for doses= 5.80, 










































The mechanisms by which an increase in availability 
of water soluble, available and active Mn occurred in 
fumigated and unamended soil have been variously 
reported by workers". The very fact that all the three 
forms of Mn simultaneously increased and then declined 
showed an effect of both biological and chemical factors 
on the Mn status of the soil under study. Aligarh soils 
have been found to contain hard nodular concretions of 
manganiferous^ deposits. As the soil was wetted in 
presence of the fumigant, the enhanced effects of 
ascomycetes, actinomycetes and reinfested fungus flora : 
Aspergillus niger, the Rhizobium, Thiobacillus thiooxi-
dans etc., resulted in a change of oxidation reduction 
potential of the soil system^ ; in the release of carboxylic 
acids^° ; and in solubilising effects. These fast ecological 
changes brought about a gradual increase in water 
soluble and available Mn^* in the soil. These views 
were in accordance with the work of Wensley^S and 
Martin et al^^, who reported increased and highly 
stimulated biological activity in the soil as a result of 
fumigation ; with the work of Klemmer^" who noticed 
that lower doses of certain eradicant type chemicals 
produced greater reinvasion potentials in soils; and with 
the results of Smith* who found an increase in water 
soluble and available Mn^ * on fumigation. With the 
toxic effect of higher doses of the chemical on the soil 
microorganisms, the stimulated effect declined after a 
certain period, and the equilibrium shifted towards 
Mn*+. 
The declining effect on water soluble and exchangea-
ble Mn with passage of time was, however, due to rapid 
utilisation of the organic chemical as an energy source, 
and a shift in equilibrium between available and reduci-
ble forms of Mn caused by re-establishment of pesticide 
sensitive Mn oxidising bacteria such as Bacillus, strepto-
mycetes, Aerobacter etc. The view was in accordance 
with the observations of Charles and Paul ' *. 
The above observations found support from the data 
on the correlation coefficients (Table 7). Thus while 
exchangeable Mn was positively correlated to water 
soluble form (r = 0.975), there was a negative correlation 
between exchangeable and reducible Mn ( r = - 0.979). 
The results on the exchangeable and available Fe 
provided an interesting correlation between Fe and Mn 
status of the soil. Thus as in the case of Mn, exchangea-
ble and available Fe ( Tables 5 and 6 ) significantly 
increased, reached a maximum value with 0.3 ml dose 
of nemagon at 30 days of its application and then signi-
ficantly declined. The effect of dose on the increase 
was in the order 0.3>0.2 > 0 , 4 > 0 . 1 > 0 . 5 > 0 . 0 ml 
nemagon per kg soil in case of exchangeable Fe, and 
0.3>0.4 > 0 . 2 > 0 . 5 > 0 . 1 > 0 . 0 i n case of available Fe. 
The maximum increase was 24.2 ppm from 11.9 ppm in 
case of exchangeable Fe ( Table 5 ) and 57.5 from 
38.4 ppm in case of available Fe (Table 6). 
TABLE 5—EFFECT OF NEMAGON ON EXCHANGEABLE IRON OF SOIL WITH VARIATION IN CONCENTRATION AND TIME 
Dose in ml 









































































Variance ratio and L. S. D. for doses=33.52, 0.559 
Variance ratio and L. S. D. for days=40.73, 0.612 
JICL—12 
191 
J. INDIAN. CHEM. SOC. VOL. LIU, FEBRUARY 1976 
Dose in 
TABLE 6—EFFECT OF NEMAGON ON AVAILABLE IRON OF SOIL WITH VARIATION IN CONCENTRATION AND TIME 
ml 
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TABLE / - C O R R E L A T I O N COEFFICIENTS BETWEEN DIFFERENT FORMS OF MANGANESE AND IRON 
Form 
Exchangeable Mn''+ 


























- 0 . 9 2 5 
+0.848 
An examination of the correlation coefficients 
(Table 7) further showfed that there existed significant 
positive correlations between exchangeable Mn and 
exchangeable and available Fe (r=0.942 and 0.920 
respectively) as well as between water soluble Mn and 
exchangeable and available Fe (r=0.969 and 0.948 
respectively). A positive correlation was also observed 
between the two forms of Fe (r = 0.848). The two forms 
of Fe were, however, negatively and significantly correla-
ted to reducible Mn ( r = - 0 . 9 2 8 and -0.925 respec-
tively). 
The above observations pointed to the fact that con-
ditions affecting Fe and Mn availability in soils were 
almost similar, a view in accordance with the results of 
Smith^. The reducible character of organic matter in 
soil and its microbial decomposition with liberation of 
acids, the drop in oxidation-reduction protential in moist 
conditions of the soil, stimulation in the activity of 
micro-organism by the pesticides extending upto a period 
of about 4 weeks and a favourable^" pH, all contributed 
towards an increase in exchangeable and available Fe. 
With dissipation of the organic chemical, the stimulatory 
effects declined ; and with Fe bacteria^ taking over, both 
the forms of Fe suffered a declining effect after a period 
of 30 days. The results were in agreement with the 
observations of Pringsheim^"' ' ' and Alexander'. 
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Influence of Pesticides on the Trace Element Status of Soils 
Part 1 (Nemagon and BHC on Boron, Cobalt and Copper). 
J . p . SINGHAL, S. U. KHAN and O. P . BANSAL 
Ohemistry Section, Z.H. College of Engineering, Aligarh Muslim University, Aligarh. 
Manuscript received 27 August 1975 ; accepted 8 October 1975' 
The results of pesticide application on the soil biochemistry of boron, copper and cobalt in a 
•aline sodic soil have been examined. The results revealed an opt imum effect on the trace ele-
ments with 0.3 m l of nemagon or B.H.C. per Kg of soil at an interval of 30 days of application. The 
trace element status then declined. The results have been explained on the basis of chemical and 
microbial activity in soil. 
THE ever growing importance of the use of pesticides in crop production arouses interest from the standpoint of their accumulation in 
soils and their effects on soil properties. While this 
subject has been studied in considerable detail by 
several workers^"*, information on the influence of 
pesticides on the trace element status of soil is lack-
ing. Since trace elements like boron, cobalt and 
copper play an important role in plant metabolism 
and animal nutrition or toxicity, it was consdered 
that a study of the effects of l,2-dibromo-3-chloro-
propane, commonly known as nemagon and benzene 
hexachloride (B.H.C.) on the availability of the 
above elements in soil will be of considerable interest. 
The soil selected for these investigations was of a 
sodic saline nature from the district of Aligarh in 
Uttar Pradesh. 
Experimental 
The physico-chemical properties of the soil (depth 
0-30 cm) used for study were determined and were 
as follows : pH = 8.8, E.G. = 4.5xl0-*mho cm-^, 
organic matter = 0.41%, water soluble boron, avail-
able copper, total copper and total cobalt being 
2.10, 1.12, 41.50 and 15.50 ppm respectively. 
The experiments on the influence of pesticides on 
the trace elements were done in earthenware pots 
of 20x20 cm size lined with polythene sheets to 
prevent absorption of water. The plots containing 
one kilogram soil in each case were treated to water 
holding capacity with distilled water. Six doses of 
nemagon (0.0, 0.1, 0.2, 0.3, 0.4 and 0.5 ml) were 
then injected to a depth of 12 cm in two replications 
without growing any crop. The plots were main-
tained to water holding capacity throughout the 
course of the experiment. The treated samples were 
periodically drawn by a soil sampler at intervals of 
15 days and then analysed for water soluble boron, 
available and total copper and total cobalt. 
The ^H and electrical conductivity were measured 
in 1 : 5 soil water suspension at 2 5 ° i l ° . Organic 
matter was estimated as per Walkley and Black's 
method' using potassium dichromate, sulphuric acid 
and ferrous ammonium sulphate as reagents. Water 
soluble boron extracted as per Berger and Troug* 
was estimated with curcumin oxalic acid reagent as 
per Dible, et al.^ with absorbance recorded at 540 nm 
with Bausch and Lomb Spectronic 20. Total cobalt 
was estimated colorimetrically using perchloric acid 
as extractant and 2-nitroso-yS-naphthol, as colour 
reagent^" at 530 nm. Cheng and Bray's improved 
carbamate'^^ procedure was followed to estimate total 
and available copper; total copper having been 
extracted vide perchloric acid digestion process and 
available copper vide neutral ammonium acetate 
extractions^ with absorbance recorded at 440 nm. 
Blanks were used in all cases. 
Results 
The average of replicated values are recorded in 
Table I. 
The data were subjected to statistical analysis of 
variance according to the two way classification with 
one observation per cell, the null hypothesis being 
the equality of the effects of different doses and diffe-
rent time intervals. Correlation coefiicients were 
also calculated. The results are given in Table 1. 
The effects of B.H.C. were similar and for the sake 
of brevity are not given here. 
Discussion 
An examination of the influence of the pesticide 
mentioned above (Table 1), showed that as com-
pared to the control, water soluble boron significantly 
increased, reached a maximum value with 0.3 ml 
dose at 30 days of its application and then dechned. 
The influence followed the dose order 0.3 > 0.2 > 0.4 
> 0.1 > 0.5 > 0.0 ml nemagon per kg soil. The 
mechanism by which an increase occurred in the 
water soluble boron has been variously reported by 
Berger.13 rj^^Q increase jn water soluble boron 
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TABLE 1 
E P F B C T O I NBMAGON ON XHE MIOBONUTRIBNT AVAILABILITY FOB DIPFBBENT DOSES OF THE 
INSECTICIDE AT VABIOUS INTERVALS OF TIME 
Average values of micronutrients for various doses and dasrs in ppm Applications : 
Doses 'in m l 




































































































































with a peak at 0.3 ml dose and 30 days of applica-
tion appeared to be due to its liberation from organic 
matter ina mineralised form by the stimulated 
activity of fumigant resistant bacteria which led to de-
composition of organic matter as the soil was wetted 
with water. The results found support from the 
work of Wensley^* and Martin et al.^^ who have 
reported an enhanced microbial activity in soils as 
a result of fumigation. The thiobacilli bacteria seemed 
to have played a notable part in the solubilisation 
of boron. The decline with passage of time appeared 
to be due to the dissipation of the chemical with 
re-establishment of boron fixing bacteria and adsorp-
tion of boron by soil minerals. 
The influence of nemagon on available and total 
copper both with doses and passage of time is repre-
sented by the results (vide Table 1). 
An examination of the data in Table 1 
revealed that available copper increased significantly 
in soil with fumigation reaching a maximum at 0.3 ml 
of fumigant per kg soil at 30 days after application. 
Total copper was similarly affected with the difference 
that the effect became steady at 0.3 ml dose with no 
further increase or decrease with increase in dosage. 
An increase in total copper in the soil was derived 
from the toxic effect of the chemical on certain 
microorganisms. As these organisms were killed 
by the fumigant, their protoplasmic constituent such 
as cytochrome oxidase^* came into the soil leading 
to an increase in copper. With passage of time 
( > 30 days) the effect of the chemical declined and 
the fumigant sensitive microorganism re-established 
themselves leading to a decrease in copper. On 
the other hand increase in available copper was due 
to solubilization effects caused by soil fungi such 
as Aspergillus niger" and certain bacteria such as 
Thiobacillus. The negative influence on copper was 
due to reduction in biological activity by high doses 
of the fumigant ( > 0.3 ml per kg soil) and due to 
adsorption of available copper by soil minerals with 
passage of time. 
A reference to Table 1 further revealed that total 
cobalt increased nonsignificantly in the soil as a 
result of fumigation and significantly with passage 
of time upto 30 days. The effect of dose order was 
0.5 = 0.4 = 0.3 > 0.2 > 0.1 > 0.0. A decline set in 
after 30 days of fumigation in the total cobalt 
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in total cobalt status of the soil were similar to those 
observed in the case of total copper. Thus the 
increase in total cobalt was derived from the proto-
plasmic constituent and vitamin B^ g of the dead 
bacteria* as a result of fumigation. Then followed 
a re-establishment of the microorganisms after a 
certain period due to the gradual decay of the chemi-
cal leading to a decrease in cobalt status of the soil 
caused by its absorption by the bacteria. 
An examination of the correlation coefficients 
(Table 2) revealed that water soluble boron, available 
copper, total copper, total cobalt and ^H were all 
positively correlated to each other and negatively 
correlated to electrical conductivity pointing to an 
almost similar mechanism for their variations in the 
soil. 
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